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1SOME HIGHLIGHTS OF THE GOLD DEPOSITS OF 
QUEENSLAND — PAST AND PRESENT, AND SOME FUTURE 
PROSPECTS
by A.F. Wilson
ABSTRACT. The composition of gold in Queensland ranges from the gold-silver alloy 
electrum, as at North Arm, to the exceedingly pure gold (fineness 999.7) in the Mt. Morgan 
gossan. In general, the gold found in placer deposits (present-day. Tertiary, Mesozoic and 
Permian), and in oxidized outcrops, is of superior fineness than that of gold from beneath the 
oxidized zone. Data on gold fineness, shape of gold particles and their inclusions, and oxygen 
isotopes of adhering quartz assist in identifying source and genesis of detrital gold and in situ 
gold. Examples of the occurrence of more than one type of gold are found at Kilkivan, 
Clermont and Cracow.
Examples of gold deposition from magmatic fluids are at Charters Towers and 
diorite porphyry gold at Black Snake.
Metamorphic fluids are dominant in many deposits, notably Clermont, Expedition 
Talgai. Cracow and North Arm are two examples of epithermal gold deposits related to 
Permian or early Mesozoic hydrothermal systems which involved meteoric waters.
The viability of the Kidston gold mine, centred on a late Palaeozoic mineralized breccia 
pipe, is based on the application of modern techniques whereby very large reserves of non­
refractory ores, with unusually low grades (about 1.8 g/t), can be mined and processed with 
carbon-in-pulp technology. The potential of other gold deposits is being assessed with the 
application of modern geological conceptional modelling, aided by modern assay techniques, 
stable isotope, geochemical and structural data.
New developments in gold research include instrumental neutron activation analysis 
measurement of gold at parts per trillion (ppt) levels in waters, and the recognition of a range 
of organic gold complexes and organism-related gold precipitation. Platinum and gold occur 
together at Gympie, and are also found in some black shales.
INTRODUCTION
In this keynote address, some of the most important aspects of the occurrence 
of gold in Queensland, and the chronological setting of the most significant gold 
discoveries are pointed out. Some of these, such as Mt Morgan and Charters Towers, 
have been major producers. However, others are worthy of listing because their 
discovery either added a type of gold occurrence new to Queensland, or they are of 
special scientific significance.
Then follows a review of present developments in Queensland’s gold exploration 
and mining activity. This covers not only current gold production, but also the areas 
of University and other research (both conceptual and practical) which hopefully will 
bear on future prospects for gold production.
It is clear that Queensland is indeed a host to an unusually broad range of types 
of gold mineralization.
Pap. Dep. Geol. Univ. Qd., 12(1): 1-16, Feb., 1987.
2Text-fig. 1: Locality map of Queensland showing the gold deposits mentioned in the 
text.
HISTORICAL SURVEY
The first alluvial deposits
New 
were 
great
Traces of alluvial gold were first discovered in Australia near Bathurst in 
South Wales as early as 1823, but it was not until 1851 that payable quantities 
found. In 1850 a gold discovery at Clunes in Victoria officially launched the 
gold era of that State.
3In Queensland, gold was first found in 1852 at Black Snake, about 16 km south 
of Kilkivan, and in the same year alluvial gold was found at Lord John’s Swamp, 
about 19 km south southeast of Warwick.
However, as in the other states of Australia, the gold production from alluvial 
deposits always preceded hard-rock mining (or, reefing, as it was commonly called). 
The plentiful water supplies of many parts of the eastern highlands of Queensland 
enabled prospectors to penetrate the forests and difficult inhospitable terrain, 
panning the streams and swamps for over 2000 km from Warwick in the south to 
Torres Strait in the north.
During the first twenty years of alluvial exploitation, there were many examples 
of diggers abandoning profitable leases to rush to the greener fields of a new 
discovery. For example, most of the men working the gravels at Kilkivan left 
suddenly in 1867 for Gympie where rich alluvials along the Mary River had just been 
found.
Characteristics of some alluvial gold deposits and their relationship to primary ores
In the scramble for quick riches, most miners gave little thought to the origin of 
their deposit. Indeed, it was only as the alluvial reserves neared exhaustion that 
frantic efforts were made to search for their presumed parent gold-bearing reefs. As 
often as not, however, their search was short-lived and the miners would move on to 
other fields.
Efforts to identify the source of many alluvials is continually being greatly 
hampered by the lack of reliable information on the following:-
— levels of production of gold
— fineness of gold, expressed either as (weight of gold)/(weight of gold •+• 
silver) X 1000 or, the price offered by bankers or the Mint at the time of 
sale
— presence or absence of adhering quartz
— angularity and general shape of gold particles and nuggets
— relationship of “limonite” and gold in larger gold particles.
In this section various characteristics of some Queensland alluvial gold deposits 
are pointed out and their relationship to parent primary gold mineralization is shown. 
The date of discovery of each deposit is recorded in parenthesis. Text-fig. 1 shows 
the location of the various deposits.
Kilkivan (1852 — Black Snake). Gold has been mined in situ in pyrite-bearing quartz 
veins, sheared serpentinite, quartz and calcite veins in diorite porphyry, and in some 
cinnabar-bearing quartz-carbonate veins. Consequently, the type of detrital gold shed 
from such sources varies greatly from stream to stream, and in many alluvial flats. 
For example, in the flats associated with Fat Hen Creek, several distinct types of gold 
can be found in a single panning dish. Some gold, which has quartz attached, is a 
pale yellow and contains much silver and may have been shed from quartz veins such 
as those at the Black Snake. Other grains are quartz-free and retain calcite cleavage 
impressions, indicating they have been shed from a calcite gangue. Some of these 
contain 10-15wt.% silver, but others have a superior fineness. A few composite 
grains of deep yellow gold and cinnabar are spectacular evidence of another distinct 
paragenesis.
4In the Fat Hen Creek flats another form of gold is not uncommon. This is 
amoeboid and grotesque in shape, quartz-free, and of very high fineness — most 
particles display no silver under the microprobe. Some such particles form nuggets 
many grammes in weight. Studies of similar nuggets show that the gold completely 
encloses iron-rich soil, and these are interpreted as having formed by accretion of 
atoms of gold either in a soil profile or in near-surface, highly oxidized sulphide-rich 
gold lodes (see Wilson, 1983, 1984 for figures).
Calliope (1853 — but not worked until 1862), about 20 km south of Gladstone. 
Many gold nuggets have been found near the old Calliope Township in Nuggetty 
Gully, on the western drainage of the Boyne Range. On the eastern drainage into the 
Boyne River, New Zealand Gully was also very productive of coarse gold and 
nuggets. Many of the nuggets on the west of the range are quartz-free, whereas 
quartz-bearing nuggets are more common in New Zealand Gully. The average value 
of gold from the Calliope Field was £3/17/6 per oz (Rands 1885, p. 4) and shows 
that the gold was only about 912 fine. This silver content is considerably higher than 
that normally found in accreted nuggets. The quartz-free nuggets were probably 
coarse slugs shed from calcite gangue, a common feature of some mineralized veins 
of that goldfield.
Canoona (1857) about 46 km NW of Rockhampton. The alluvial deposits near 
Canoona are recognized as the first discovery of gold in payable quantities in 
Queensland. The noteworthy feature of hard-rock gold ores of Canoona is that the 
country rock is serpentinite in which the gold is finely disseminated in silicified 
gossanous zones. The alluvial deposits yield gold of high fineness and 
devoid of attached quartz.
commonly
1861 soon 
Palaeozoic
Peak Downs (Clermont) Gold Field (1886). Discovery of alluvial gold in 
lead to the parent quartz veins which occur within the schists of older 
Anakie Metamorphics. However, prospecting within three or four years brought to 
light, in the Clermont region, several occurrences of a new type of alluvial gold. This 
was found not in recent gravels but in Permian conglomerates at, and near, the base 
of the Permian sedimentary succession. Many of the coarser grains of gold clearly 
were derived from quartz veins within the Anakie Metamorphics. At some locations 
vein-quartz is found adhering to the gold. For example, at the Miclere diggings it is 
not uncommon to find vein quartz in which coarse free gold is obvious. Measurement 
of oxygen isotopes shows that the quartz (with 6*^0 = 16.5 per mil) is typical of the 
gold-bearing quartz veins in the Anakie Metamorphics.
Not only is the gold in a Permian conglomerate, but there is much 
Permian secondary (or supergene) gold having been precipitated 
conglomerate.
Ball (1906) records many examples within the conglomerate of a 
“tish” by the miners. This has resulted from “contemporaneous erosion, with a 
slight unconformity” (ibid, p. 17). Some layers of tish appear to be Permian soil 
horizons or talus. In several of these zones of tish, secondary gold in the form of 
gold paint is found on limonite-stained surfaces.
evidence of 
within the
layer called
5Elsewhere, well below the present water table, is found much gold-bearing 
marcasite in a blue puggy clay. Much of the gold does not follow the gutters. Indeed, 
Ball states that “the location and state of the gold ... leads one to the conclusion that 
it was not deposited at the time the “wash” was laid down, but since. Its occurrence 
on “false bottoms” and on rolls and sidlings, in preference to flats and gutters, is 
evidence against mechanical deposition, the the “paint” gold occurring so universally 
on the laminae of the bed-rock is strong evidence in favour of its deposition from 
solution ...” (ibid, p. 27).
In many of the shafts there is a close association of good concentrations of gold 
with carbonaceous shale.
Ball and others have pointed out the similarity of the auriferous conglomerates 
of the Clermont district and those of the Witwatersrand. In both conglomerates there 
is abundant evidence of both detrital gold, and gold deposited chemically shortly 
after deposition of the conglomerates.
Expedition (1863). Rich alluvial gold attracted a rush in 1863 to Expedition, which is 
19 km west of Clermont. However, the alluvials could not sustain long-term mining, 
nor did the few small gold-bearing veins develop into significant mines.
However, this field is mentioned here because it was at Expedition that the 
author made the first attempt to use oxygen isotopes as “finger-prints” to try to 
identify the quartz veins from which the quartz-gold nuggets were shed. It was found 
that values higher than 16 per mil apply only to the quartz of the nuggets and 
quartz veins known to be gold-bearing. Other quartz veins in the area appear to 
barren. Isotope details are given elsewhere (Wilson & Golding 1984).
to 
be
toTalgai Gold and Mineral Field, about 34 km WNW of Warwick (1863). Devonian
Carboniferous greywackes, black shales, cherts and minor basic volcanics are cut by 
gold-bearing quartz veins and minor pyritic lodes in the Talgai and near-by Thanes 
Creek and Leyburn fields. Oxygen isotope and fluid inclusion studies of the quartzes 
give about 20 per mil, and crystallization about 35O°C. These data indicate 
crystallization from a fluid with 6’®O about 15 per mil which is typical of quartzes 
precipitated from metamorphic fluids. Other isotope data are set out elsewhere in this 
volume (Golding et al. 1987). Anomalous gold values are being found in some the the 
cherts, and suggest exploration targets which could not have been recognized by the 
earlier prospectors.
Gympie (1867). This gold field has been a major producer (see Text-fig. 1) with most 
of the gold being won from pyrite-rich quartz veins.
These are generally only productive where they are in contact with the Permian 
slates carrying graphite or anthracite. The presence of traces of stibnite, tetrahedrite 
and several tellurides of gold and silver, may indicate a granitic source. Some have 
postulated that Gympie lies above a Mesozoic granitic cupola. Quartz has 5*^0 of 
about 15.5 per mil, but in the absence of D/H data, the quartz 5'^0 data are 
compatible either with fluids sweated out of the Permian sediments or from well 
buffered granitic fluids.
A notable feature of the Gympie field is the recognition of platinum in some 
quartz veins. The platinum occurs in association with gold, pyrite and galena in the 
6“Warren Hastings shaft, in Lady Mary and Alma Reefs (on the first bed of slate)’’ 
(Dunstan 1913, p. 826). Dunstan also records that platinum was found with gold in 
alluvial deposits in Brickfield Gully near the Lady Mary Mine. The possibility of 
finding platinum in hydrothermal quartz veins is dismissed by most geologists, for 
they concentrate their attention on ultramafic rocks.
In the Waterberg District of central Transvaal (Wagner 1973, p. 257-263) 
platinum was exploited during the years 1924-1926. It occurs in brecciated quartz 
lodes which occupy faults of post-Karroo age in felsite and felsite-tuff belonging to 
the much older Bushveld Igneous Complex. The quartz stringers and lodes exhibit 
comb structure, and study of the veins and their mineralogy show that at least two 
pulses of hydrothermal activity were involved. An early pulse produced quartz, 
platinum, specular haematite and pyrite, whereas a later hydrothermal pulse 
produced almost pure quartz and chalcedony. In one vein system, the platinum is 
alloyed with up to about 7% palladium whereas in another vein, platinum is alloyed 
with between 20 and 40% palladium. Much of the platinum is zoned and occurs in 
globular or reniform shapes, suggesting deposition from a colloidal solution. These 
platinum deposits were probably formed by halogen-extraction of the platinum from 
the Norite Zone of the Bushveld Complex which is presumed to lie beneath the 
region.
The relevance of these comments on hydrothermal deposition of platinum is 
that, in several parts of Queensland, hydrothermal gold-bearing solutions are known 
to have traversed ultramafic rocks. The possibility that Platinum Group Metals 
(PGM) have been collected and deposited by such fluids should be investigated. This 
could explain the widespread traces of platinum in alluvial gold deposits and in some 
beach sand deposits. The Gympie occurrence could be explained by hydrothermal 
leaching of platinum from deeply buried ultramafic rocks genetically related to those 
of the Mary Valley-Kilkivan region.
Ravenswood (1868). The auriferous and argentiferous quartz veins at Ravenswood 
are set within biotite and hornblende granites (Maclaren 1900). The upper levels of 
the veins yielded free gold whereas below the watertable (at about 21 m) the veins 
gave way to exceptionally rich sulphide ores, commonly yielding 90 to 100 g/t.
The unusually large and complex sulphide component of the primary ores was 
responsible for the general refractory character of the unweathered ores of this field 
so far as ordinary battery treatment is concerned. The Ravenswood ores were the 
first in Queensland to be subject to a process of concentration and fractionation of 
the sulphides prior to amalgamation. For example, ore from the Sunset mine was 
crushed and concentrated by Wilfley tables to yield a galena + free gold fraction, as 
well as a pyrite + chalcopyrite concentrate. The gold extracted by mercury from the 
galena-gold fraction was about 70% of the total gold in the ore, whereas the gold 
obtained by smelting of the lighter sulphide concentrates was only about 30% 
(Cameron 1903, p. 4).
However, much gold was lost from several types of Ravenswood ore because of 
the special metallurgical problems associated with high-arsenic ores. It is likely, 
therefore, that modern technology should be able to make the considerable body of 
unmined or poorly-treated ore of this goldfield much more profitable than was 
possible a century ago.
7Charters Towers (1872). The ore bodies at Charters Towers are quartz fissure veins 
within the Lower Devonian Ravenswood Ganodiorite, and they have produced 
211,000 kg of gold. The gold is associated with calcite, sulphides of lead, iron and 
zinc and rare chalcopyrite and arsenopyrite. Tellurides of gold and silver have been 
reported.
The gold content of the veins decreases with increasing depth. Stable isotope 
studies (Golding & Wilson 1981) also show a depth-dependent range of values 
for the quartzes. These data point to a magmatic hydrothermal fluid with a 
temperature gradient of about 100°C/km.
Palmer Goldfield (1873). An abundance of high fineness alluvial gold has been won 
from the Palmer Goldfield. The most significant feature of this field, from the point 
of view of this report, is that alluvial gold was found in the Mesozoic “Desert 
Sandstone” cappings as well as in present-day streams.
Jack (1887) considered that a significant part of the alluvial gold in the Palmer 
River was derived from gold near the base of the Gilbert River Formation 
(Cretaceous — his Desert Sandstone). Much of the gold in these Cretaceous beds is 
clearly of detrital origin, being derived by erosion of quartz veins cutting the upper 
Devonian Hodgkinson Beds. However, the high fineness of the gold and its angular 
shape strongly suggest a large component of gold is not detrital but has been 
deposited in these beds from solutions.
Mt. Morgan (1882). Gold was found in the vicinity of Mt. Morgan as early as 1865, 
but it was not until 1882 that the rich deposits of exceedingly pure gold were found 
at Mt. Morgan itself. As the gold values fell away in deeper levels of the mine, 
copper increasingly made up a significant component of the ore. After 99 years of 
production and handsome dividends, this remarkable mine has closed, save for 
retreatment of the extensive dumps and tailings.
The Mt. Morgan gold-copper deposit is in a roof pendant of Devonian acidic 
volcanics, cherts, jaspers and limestones set within the Upper Devonian Mt. Morgan 
Tonalite. The ore bodies and host rocks are all cut by a suite of unaltered porphyries 
of Permian age.
Several theories have been proposed to explain the origin of the complex body. 
The very rich gossan with its associated porous sponge-like silica was explained as a 
siliceous sinter, and encouraged several early workers to relate their observations to 
post-Devonian hot spring activity. Others related the mineralization to the tonalite. In 
more recent times, Cornelius (1969) considered the deposit to be a breccia pipe and 
not a replacement deposit along a fault zone. He attributed the origin of the breccia 
pipe to mineralization stoping and explosive hydrothermal action. His discovery of 
explosive hydrothermal “pebble dykes” (which cut the mineralized zones) confirmed 
his view that this deposit has a close similarity to some of the North American 
porphyry copper deposits (Cornelius 1967).
However, as these pebble dykes cut the ore and show no metamorphic effect, 
they would seem to imply an explosive hydrothermal event considerably later than the 
ore phase. They are likely to be related to the Permfan porphyry dyke swarm, some 
of which carry anomalous copper values and suggest some remobilized mineralization 
during Permian times.
8A recent reappraisal of the ore body by Geopeko Ltd., has shown it to be a 
volcanogenic massive sulphide deposit (Taube 1977). He drew analogies with the 
lower stockwork zones of the Kuroko deposits and the Horne mine in the Noranda 
district of Canada. Elsewhere, Taube (1986) updates his conclusions on the origin of 
Mt. Morgan.
The results of stable isotope studies are consistent with Taube’s views, and 
indicate that the Mt. Morgan ores were deposited from a marine geothermal system 
(Golding & Wilson 1981).
Notwithstanding that isotope data have not yet revealed a significant Permian 
fluid active in the ore zone, the possibility of some upgrading of the ore during 
Permian times should not be dismissed without further study.
North Arm (1930). The Triassic North Arm Volcanics were considered unproductive 
until gold-bearing quartz reefs were found cutting these rhyolitic and trachytic rocks 
near the village of North Arm about 13 km N of Nambour. These quartz veins were 
worked for seven years before payable ore was exhausted.
This gold occurrence is of considerable importance for four reasons.
a)
b)
c)
The gold is so highly alloyed with silver that it is a whitish electrum.
The ore contains finely disseminated naumannite, a rare silver selenide.
The host volcanic rocks of the quartz veins have been hydrothermally altered 
and pyritized well away from the veins. Many samples contain between 200 
and 300 ppb Au and some register 1200 ppb Au.
Oxygen isotope studies (5*^0 of the quartz of the veins is about 5.8 per mil, 
and hydrothermally altered host rocks about 6.5 per mil) suggest that the 
hydrothermal mineralizing fluids have a large high-latitude meteoric water 
component.
four features are consistent with the North Arm mineralized zone being a 
epithermal province of considerable potential. However, the region has 
so much sub-tropical weathering that stable isotope studies will be necessary
d)
All
Triassic 
suffered 
to discriminate between hydrothermal alteration and weathering.
very fine-grained and is a gold-silver alloy which in places 
in composition. Variable, but small amounts of sphalerite, 
galena and bornite are present, and some particles of the 
altaite have been recorded. Bullion produced from this deposit
-H 
in
Cracow Goldfield (1931). The Golden Plateau deposit, the major deposit in the 
Cracow field, displays argillic hydrothermal alteration about quartz fissures and 
breccia zones in the Lower Permian Camboon Andesite.
Native gold is 
approaches electrum 
chalcopyrite, pyrite, 
tellurides hessite and
varied greatly in silver content. However, supergene “gold paint’’, or mustard gold, 
is very pure — amalgam bullion from the oxidized zone had a fineness of 970 
(Denmead 1938).
The strongly ö*®O-depleted quartzes (-2.7 per mil) and host rocks (-4.6 to 
4.7 per mil) are interpreted as involving cold meteoric waters when Cracow was 
high latitudes during the late Palaeozoic or early Triassic.
Isotopic details are set out elsewhere (Golding & Wilson 1984: Wilson 
Golding 1984).
&
9Kidston (1907), 280 km WNW of Townsville. Alluvial gold was first reported at 
Kidston in 1907 and was worked for a few years. Subsequently, veins and mineralized 
host rock near the surface (with grade of about 6.5 g/t) were worked by open cut 
methods, but activity ceased in the early 192O’s after a total production of about 
1400 kg of gold.
The possibility of re-opening the mine as a large bulk low-grade mine has been 
Ltd. (now Kidston Gold assessed for several years. However, Placer Austex Pty. 
Mines Ltd.) is planning to begin production early in 1985.
The mineralization at Kidston is largely confined 
large breccia pipe
rocks of the Georgetown Block. The pipe is 
m X 900 m), and Robertson-Research (1984) 
-+- probable reserves) are 44.4 million tonnes,
to an 80 to 200 m-wide 
which has penetrated themarginal zone of a late Palaeozoic, 
Proterozoic metamorphic and granitic 
near-vertical and is oval in plan (1300 
report that ore reserves (total proved
grading on average 1.79 g/t gold and 2.22 g/t silver. They also report that over 90% 
of the gold is present as free native gold, with the balance contained in pyrite 
arsenopyrite. Total sulphides, including some sphalerite and galena, rarely exceed 
by weight.
The very large ore reserves, the non-refractory nature of the ores, and 
application of the carbon-in-pulp technology have combined to make possible a 
profitable operation on a deposit as low as only 1.79 g/t of gold.
and
5%
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THE PRESENT STATE OF GOLD EXPLORATION AND MINING
New techniques for chemical analysis
With the advent of cheap methods of gold analysis, such as Atomic Absorption, 
and especially that with the carbon furnace attachment, many new gold occurrences 
have been recognized.
In several of these, the gold is either invisible or so finely divided that the gold- 
panning prospecting methods of the early gold-rush days were useless.
Moreover, improvements in analytical procedures for arsenic, thallium, mercury 
and antimony have enabled these pathfinder elements to be monitored cheaply.
New technology for gold production
During the last one hundred years, gold extraction has moved from 
amalgamation, crude roasting of sulphides and arsenides, various smelting and 
chlorination techniques, to cyaniding procedures. Notwithstanding the march of 
progress, many small mining operations were not worked with sufficient metallurgical 
skill to enable the complex ores to be worked at a profit, especially in terranes distant 
from the cities.
The most recent development in production has been the refinement of the old 
technique of extraction of gold by activated carbon. The carbon-in-pulp procedure. 
10
as it is called, is being used to extract gold from the very large gold deposit at 
Kidston where gold values as low as 1.79 g/t in “hard rock’’ can now be mined by 
large open cut methods, milled and extracted profitably.
New geological concepts
Source rocks studies. In recent years many keen geological minds have addressed the 
problems of source rocks for gold, as Boyle’s (1979) compilation attests. Anomalous 
gold is being followed up in a range of Queensland rocks in which gold is 
submicroscopic in size. Some of these are:
— volcanic-associated cherts and jaspers on the sea-floor or near-sea-floor;
— rhyolite to andesite flows and pyroclastics affected by convecting heated 
meteoric waters;
— “Carlin type’’ epithermal replacements of carbonates and other sediments;
— banded iron formations;
— deep-seated serpentinite bodies; and
— fossil artesian hydrothermal fluid impregnations.
New exploration tools. Earth-satellites have revolutionized conceptional tectonic/ 
structural studies. Lineaments, invisible on the best aerial photographs, can now be 
seen, and are leading to exploration targets hitherto ignored.
New radar-type images, infra-red and other wave length mineralogical scans, 
and various electrical and magnetic procedures are now operated from either satellites 
or aeroplanes. Zones of hydrothermal alteration, and other exploration foci are being 
delineated. However, the scope of this paper precludes detailed discussion of their 
application in Queensland.
New geochemical research. In this paper, the geochemical parameters of gold deposits 
in Queensland are emphasized.
Fundamental research in this field is rarely done by exploration companies 
based in Queensland. However, many are applying in Queensland proprietary 
research concepts developed under contract elsewhere. Clearly, many of these may 
not be devulged. However, some of these which have particular interest, and are not 
subject to proprietary restrictions, are as follows:
1. Direct measurement of gold in parts per trillion levels in streams and springs. 
Dissolved gold in surface waters can be determined down to 0.3 ppt by the charcoal­
adsorption-neutron-activation analysis technique (Hamilton et al. 1982).
By this procedure, it has been possible to sample cheaply surface streams, 
“mineral springs” and swamps (Wilson, et al. 1984). However, the technique is of 
particular value in sampling fluids oozing from unconformities of Mesozoic and 
other strata and duricrusts which cover so much gold-bearing land in Queensland. A 
hydrological re-assessment of gold potential of the rocks beneath the Jurassic cover 
just west of the Mt Morgan mine is now possible.
2. Stable isotope research. The ratios of isotopes of oxygen and carbon are of 
particular value in “finger printing” quartz-gold veins and mineralized zones. It is 
possible, moreover, by these methods to discriminate between weathering and 
hydrothermal alteration of rocks, and to focus on the most likely drilling targets in a 
convective meteoric hydrothermal mineralized system.
11
The Isotope Laboratory of the Department of Geology and Mineralogy, 
University of Queensland, has been involved in unique isotope research for many 
years. However, in the last few years, stable isotopes (oxygen, carbon, and some 
sulphur and hydrogen isotopes), well integrated with potassium/argon and broad 
geochemical studies, have been applied to the study of several gold properties in the 
Archaean of Western Australia and in the younger gold provinces of eastern 
Australia (Golding 1982; Golding & Wilson 1981; 1982; 1983; 1984a; 1984b; Wilson 
& Golding 1984). Wilson & Golding (1984), set out the relevant stable isotope data 
for several Queensland gold prospects (e.g.. Expedition, Talgai, Cracow).
Another use of oxygen isotopes has been developed. By a combination of a 
study of oxygen isotopes and the crystallite size of cherts it is possible to locate 
centres of submarine exhalative sulphide deposits. This is based on the principle that 
fractionation of oxygen isotopes between silica and water is inversely proportional to 
the temperature. As the temperature of a silica/sea-water system increases (i.e., near 
a submarine “hot spot”), the 6’^0 of the chert crystallizing within that system 
decreases. Meanwhile, the higher temperature will induce recrystallization of the 
chert, and the temperature of recrystallization may be calculated from chert 
crystallite size (Harrover et al. 1982).
The abundance of cherts and jaspers in Queensland suggest that these 
procedures will lead to significant discoveries of submarine exhalative deposits, not 
only in Queensland, but throughout the eastern highlands from Tasmania to Cape 
York Peninsula.
3. Bio-geochemical research. In recent years the success of some heap-leaching 
operations on ores of copper and some other metals is due, in large measure, to the 
degradation of the ores and/or precipitation of benefical metal complexes by bacteria 
or other organisms. Two examples of research into the role of biological activity in 
gold deposition is referred to hereunder.
a. Gold and other precious metals in black organic-rich shales. For many years it has 
been recognized that traces of gold and some other metals are present in some 
carbonaceous shales. However, with respect to some metal-bearing deep-sea black 
muds there have been arguments as to the role of the organic matter.
Has dead organic matter merely acted as an inanimate reducer/collector of 
metals from submarine springs? Or, have the organisms only flourished in the 
nutrient-rich warm waters, and their abundance in the sediment has no direct role in 
the deposition of the metals? Or, are some (or all) of the organisms involved in 
primary deposition of the metals or in diagenetic deposition of metals in the 
unconsolidated black muds? Because all three options are valid mechanisms, there 
will always be difficulty in recognizing the dominant mechanism in any one deposit. 
Moreover, the role (if any) of organisms will vary from site to site. Each of the 
following muds will display a different relationship to its organic component:- 
estuarine foetid mangrove muds, muds in stagnant pools in non-saline or saline lakes, 
muds rich in detrital exotic fragments of land vegetation, and muds rich in 
indigenous organisms.
Special chemical techniques must be used to extract the various organic 
compounds, and both stable and radioactive isotopic studies will have important roles 
to play in trying to unravel the chemical reactions involved.
Research by the author has yielded examples of gold, and some other precious 
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elements, in organic-rich sediments in several Queensland and other Australian sites, 
but the research is either incomplete or of proprietory interest, and cannot be 
published at this stage. However, the following commentary on a recent Polish 
discovery, of relevance to some lines of research being carried out in the Department 
of Geology and Mineralogy, is given in the hope that others may be able to apply the 
phenomena to their own deposits, or incorporate them into their exploration 
philosophy for gold and other noble metals.
Kucha (1981; 1983) describes a remarkable occurrence of gold, palladium, 
platinum and silver within the Kupferschiefer of Poland. The normal Kupferschiefer 
is a 0.15 to 0.8 m base metal-bearing, bituminous-calcareous shale that lies near the 
base of the widespread Zechstein Formation of Middle Permian age. It is overlain by 
limestones, and, higher in the sequence, by the sodic and potassic evaporite zones. 
The environment of the Kupferschiefer was similar to that of the shallow, stagnant 
waters of parts of the Black Sea.
C
Text-fig. 2: Idealized vertical cross-section of part of the Kupferschiefer in Poland 
where a rich noble metal-bearing shale is present. 1. white sandstone; 2. boundary 
dolomite; 3. noble metal-bearing shale; 4. thucolite shale; 5. pitchy shale; 6. clayey 
shale with digenite; 7. dolomitic shale; 8. dolomite; 9. limestone; Ä. vertical range of 
Au-Pd-Pt-Bi-Mo mineralization; B. vertical range of silver amalgams; C. vertical 
range of native silver in space surrounding noble metals area; D. vertical range of 
secretion as kerogen (after Kucha 1983).
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the upper evaporites have descended 
organo-metallic compounds. These 
carried organic complexes of noble 
fossil placer deposit of noble metals
of Kucha’s genetic scenario, his
Text-fig. 2 is an idealized cross-section of the copper deposit in the area where 
the noble metal-bearing shale is present. The thickness of the noble metal-bearing 
shale is normally somewhat less than 10 cm. The normal range of noble metal 
contents (ppm) are Au 5-200, Ag 2-1100, Pt 10-370, and Pd 10-120. During 
diagenesis Au and Pd were liberated from complex organic compounds and formed 
native gold and Pd3As5 during an auto-oxidation process, catalysed by transition 
metals and strongly reinforced by y-radiation from associated thucolite. Platinum on 
the other hand does not produce any discrete ore minerals but occurs only in the 
form of organic compounds in kerogen.
The known area of the noble metal-bearing shale is only 2-3 km^, whereas the 
copper extends over hundreds of square kilometres.
Kucha (1983) suggests that brines from 
through bituminous shale, producing many 
reacted with ascending warmer brines which 
metals, possibly derived from a pre-Zechstein 
and monazite.
Notwithstanding difficulties in aspects 
documentation of a range of noble metal organic compounds, largely unrecognized 
by geologists, is important. Moreover, a re-assessment of the role of Australian 
brines, both warm, as in some of our artesian basins, and cold, as in the soils of our 
arid regions, and in ancient water courses, and stagnant ground-water pools should 
begin. Furthermore, many of our brines are in close proximity to coals and other 
hydrocarbons. Some of these principles focus on the role of “dead” organic 
components in supergene gold studies.
b. Direct involvement of living organisms. Not only should the effects of changes in 
Eh and pH on these organo-metallic compounds be considered, but also the direct 
living involvement of organisms themselves.
The author’s research has revealed micron-sized, gold-bearing microfungal 
bodies, and “string-of-beads” cellular structures many metres below the surface in 
acid saline soils. He has long suspected that several organisms should be able to 
extract the nitrogen from gold cyanide (AuCN) leaving native gold as micronuggets. 
Cyanides are common in a range of plants, and more complex organic compounds 
capable of picking up atoms of gold should be documented. The concept that 
nitrogen-extracting bacteria live in symbiosis in the nodules on the roots of legumes is 
well known. Perhaps collaborative research with microbiologists to discover (and 
breed!) organisms that delight to decompose compounds such as sodium iron phenyl 
dichloride of gold (Na^I'ej^AuCl^ ) and a host of other gold-bearing chelates, 
metallocenes, metal olefins, and so forth, would be profitable!
CONCLUSIONS
The early exploiters of the widespread detrital gold deposits of Queensland 
(both alluvial and eluvial) generally ignored the genetic and scientific significance of 
the deposits. However, with the use of modern electron microscopy, electron 
microbrobe, chemical and stable isotope studies, it is now possible to identify the 
nature of the host rock or vein and type of mineralization from which most of the 
detrital gold particles were derived. Geochemical, structural and stable isotope studies 
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of unweathered gold ores and their host rocks have identified several major types of 
gold deposit in Queensland.
Magmatic fluids were responsible for the gold at Charters Towers, and the 
Black Snake and related deposits south of Kilkivan. However, probably the majority 
of Queensland gold deposits resulted from metamorphic fluids, with or without the 
thermal influence of a granitic body (examples of these are Clermont, Expedition and 
Talgai).
Cracow and North Arm are two of a small group of epithermal gold-silver 
deposits whose deposition involved late Permian or early Mesozoic hydrothermal 
systems which incorporated a major component of meteoric waters of high latitudes.
Mt. Morgan gold-copper ores are an excellent example of a volcanogenic 
massive sulphide deposit. Although these ores are of Devonian age, the extent of 
alteration and mobilization, if any, of the ore by the near-by Permian 
intrusives is still debated.
Gympie is an example of a deposit in metamorphic rocks where the 
isotope and other geochemical evidence are not yet able to identify the extent 
possible dilution of the gold-bearing metamorphic fluids by igneous fluids.
Modern technology, such as the use of more sensitive and cheaper
acidic
stable 
of the
assay 
methods, more efficient earth-moving procedures, and the carbon-in-pulp extraction, 
is now making it possible to mine at a profit, large very low-grade gold deposits such 
as at Kidston.
Research into the role of micro-organisms in extraction and precipitation of 
gold is expected to open doors to our understanding of the basic principles of 
formation of some stratabound gold ores and supergene phenomena, and should lead 
to new methods of heap-leaching of gold ores.
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FRAMEWORK OF ACID VOLCANIC-HOSTED BULK TONNAGE 
GOLD MINERALIZATION IN EASTERN AUSTRALIA
by D.J. Horton
ABSTRACT. In eastern Australia, acid volcanic- and subvolcanic-hosted bulk tonnage 
gold deposits can be broadly grouped into three tectonic-depositional categories:
(a) post-orogenic deposits associated with subaerial volcanism
(b) predominantly post-orogenic deposits associated with rift-related subaerial/shallow marine 
volcanism
(c) pre-cratonic (or orogenic) deposits associated with submarine volcanism
Deposits of all three categories are hosted by rhyolitic to dacitic flows, pyroclastic rocks, 
and breccias (both intrusive and extrusive). They have similar metal assemblages containing 
varying amounts of iron (as pyrite), copper, lead, zinc, gold, and silver, with some deposits 
containing additional metals.
Post-orogenic subaerial deposits, although occurring at higher levels, are spatially and 
temporally associated with porphyry-type copper/molybdenum mineralization. The deposits 
occur as breccia pipes, in hydrothermal/volcanic vents, as proximal accumulations, and as 
skarn mineralization. They are found in Devonian to possibly Early Cretaceous continental and 
volcanic arch volcanics.
Subaerial/shallow marine deposits are largely confined to volcanic rift zones. They form 
as disseminated stratabound deposits, breccias, and stockworks and are commonly associated 
with pyrophyllite alteration. Recent evidence would suggest that they are all post-orogenic and 
of Early Devonian to Late Permian age.
Orogenic submarine deposits are related to Kuroko-type massive sulphide mineralization, 
forming as gold-rich footwall stringer zones or pipes. Auriferous deposits of this type are 
found along predominantly submarine volcanic arcs (proto-island arcs) and in volcanic rifts. 
They range in age from Cambro-Ordovician to Early Permian.
All three types of bulk tonnage gold deposit appear to have a common basic genesis, 
being a product of circulating hydrothermal fluids related to rhyolitic to dacitic volcanism. 
Mineralization styles are considered to differ in response to the varying thicknesses of 
continental/oceanic crust into which they were emplaced. However, physicochemical conditions 
prevailing during deposition are also considered to be important in determining mineralization 
style.
INTRODUCTION
Gold deposits occur in a wide variety of geological environments and can form 
through numerous geological processes. With the exception of placer and palaeo­
placer deposits, which provide most of the Worlds’ production of gold (Boyle 1979), 
the more significant bulk tonnage deposits are those associated with volcanic and 
subvolcanic rocks (Worthington 1981). Other bulk tonnage deposits include those 
which are products of chemical deposition in favourable sedimentary rocks (e.g. the 
Carlin gold deposit: Dickson et al. 1979) and quartz vein stockworks.
Mineralization assoicated with volcanic and subvolcanic rocks can be either 
genetically related (i.e. late-stage emanations from cooling volcanics or associated
Pap. Dep. Geol. Univ. Qd., 12(1): 16-33, Feb., 1987. 
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vents) or simply introduced into a passive volcanic host during a later geological 
event. Where possible, the latter case will not be considered here.
Bulk tonnage gold mineralization can be hosted by ultrabasic, basic, and acidic 
varieties of volcanic rocks. In eastern Australia, and particularly in Queensland, most 
bulk tonnage deposits are hosted by rhyolitic and dacitic volcanic and subvolcanic 
rocks. However, in recent months, bulk tonnage gold discoveries have been made in 
Early Palaeozoic basic volcanics in New South Wales.
Although this symposium is concerned with gold in Queensland, there are 
important acid volcanic-related gold deposits in New South Wales which, when 
considered together with Queensland examples, assist in giving a much clearer picture 
of volcanogenic gold metallogeny in eastern Australia.
No dimensional constraints have been placed on the definition of a bulk 
tonnage gold deposit for this paper. Mineralization related exclusively to quartz 
veining in volcanics is ignored although consideration is given to gold mineralization 
distributed through silicified volcanics. Some of the deposits mentioned in this paper 
are currently economic; others may never be so. Often the economic importance of 
gold mineralization within a particular deposit is secondary to some other metal such 
as copper. In many cases, accurate resource figures (tonnage and grade) are simply 
not available.
CLASSIFICATION OF DEPOSITS
Acid volcanic-hosted bulk tonnage gold deposits can be broadly grouped into 
three categories on the basis of the depositional environment of the associated 
volcanics when considered within the tectonic framework of eastern Australia (Table 
1). These categories are:
(a) post-orogenic deposits associated with predominantly subaerial continental and 
volcanic arch volcanism and subvolcanic intrusives;
probable post-orogenic deposits associated with subaerial and shallow marine 
volcanic rift and marginal sea volcanism; and
orogenic deposits associated with submarine volcanism.
(b)
(c)
TABLE 1: BASIC STYLES OF ACID VOLCANIC HOSTED BULK TONNAGE GOLD 
MINERALIZATION IN EASTERN AUSTRALIA
VOLCANIC 
ENVIRONMENT
TECTONIC 
REGIME
TECTONIC 
SETTING
MINERALIZATION 
STYLES
EXAMPLES
Subaerial Transitional/ 
cratonic
Volcanic chains/ 
continental 
platform
Breccia pipes/ 
hydrothermal & 
volcanic vents/ 
proximal deposits
Kidston,
Mt. Rawdon
Subaerial/ 
shallow marine
Early 
transitional
Volcanic rifts/ 
marginal seas
Stratabound deposits/ 
breccias/stock works
Drake, Yalwal
Submarine Pre-cratonic Volcanic rifts/ 
volcanic arcs 
(proto-island 
arcs)
Stringer zones/feeder 
pipes to massive 
sulphide mineralization
Mt. Chalmers,
Mt; Morgan
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The styles of mineralization within each of these three categories are discussed 
in greater detail in later sections. However, there are some important styles of base 
metal mineralization with similar tectonic affiliations associated with these categories. 
Deposits of category (a) above are spatially and temporally associated with porphyry­
type copper molybdenum mineralization (Horton 1982) while those of (b) may be 
only temporally associated with this type of mineralization. Deposits of category (c) 
are related to massive sulphide mineralization.
TECTONICS AND METALLOGENESIS — EASTERN AUSTRALIA
The Tasman Orogenic Zone developed marginal to, and on the eastern edge of, 
the Precambrian Australian continental plate during the Palaeozoic and Mesozoic 
Eras. It comprises five separate orogens which are, from north to south, the 
Hodgkinson-Broken River Orogen, the Thomson Orogen, the New England Orogen, 
the Lachlan Orogen, and the Kanmantoo Orogen (Text-fig. 1). The complex history 
of each of these orogens can be divided into three basic tectonic regimes (Rickard & 
Scheibner 1975) which represent stages of progressive cratonization: 
(a) 
(b)
(c)
2. 
in
at
a pre-cratonic (or orogenic) regime characterized by a Pacific-type mobile zone 
composed of volcanic arcs (or proto-island arcs which often have island arc 
characteristics), volcanic arches, rifts and marginal, interarc, and backarc basins;
a transitional (or mountain building) regime associated with the emplacement of 
late-to post-orogenic volcanic and plutonic rocks. This phase is generally 
separated in time from the pre-cratonic regime by a major orogeny; and 
a cratonic (or continental platform) regime.
These tectonic regimes may be correlated with métallogénie regimes of pre-
cratonic, transitional, and cratonic character (Scheibner 1975). However, because of 
late-stage intrusive activity, it is often difficult to determine exactly when a 
transitional regime stablizes and becomes cratonic. For the purposes of 
metallogenesis, transitional and cratonic regimes may be grouped together and termed 
post-orogenic in contrast to pre-cratonic regimes which are orogenic.
A simplified representation of the tectonic regimes of the Lachlan, New 
England, Thomson, and Hodgkinson-Broken River Orogens is shown on text-fig. 
Because there are few examples of acid volcanic bulk tonnage gold mineralization 
the Kanmantoo and southern Lachlan Orogens, these areas can be ignored.
Various parts of each of the four orogens shown on text-fig. 2 are affected, 
differing times, by a particular tectonic regime and so the representation shown only 
applies to each orogen as a whole. Periods of acid igneous plutonism, volcanism, and 
associated gold mineralization are also depicted. Intensities of plutonism, volcanism, 
and mineralization in each orogen were greatest during their respective transitional 
regimes.
The Lachlan Orogen was represented by a pre-cratonic regime from the 
Cambrian to the Early Devonian (Gilligan & Scheibner 1978; Vandenberg 1978). Acid 
volcanic massive sulphide mineralization was formed, during the Late Silurian in New 
South Wales (Gilligan et al. 1979). Although gold mineralization is known in Late 
Silurian volcanics, there is very little gold directly associated with the massive 
sulphides.
The main phase of the transitional regime of the Lachlan Orogen lasted from
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Text-fig. 1: Structural framework of eastern Australia showing the location of deposits 
mentioned in the text. 1. Red Dome, 2. Kidston, 3. Liontown, 4. Highway, 5. Mt. 
Leyshon, 6. Mt. Wright, 7. Mt. Chalmers, 8. Mt. Morgan, 9. Calliope, 10. Mt. 
Seaview, 11. Mt. Rawdon, 12. Mt. Shamrock/Mt. Ophir/Mt. Melville, 13. Coalstoun, 
14. Drake Mineral Field, 15. Peak Hill, 16. Vaughans Ridge, 17. Cargo, 18. Grassy 
Gully, 19. Yalwal, 20. Panbula.
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Text-fig. 2; Simplified age distribution of acid igneous rocks and associated auriferous 
métallogénie epochs in the exposed parts of the Tasman Orogenic Zone.
the Middle to Late Devonian with some parts of the orogen affected until the 
Carboniferous. Most of the porphyry-type copper/molybdenum deposits are of mid­
Devonian age, although there may be some Carboniferous porphyry-type 
molybdenum examples. The subaerial/shallow marine Peak Hill gold deposit is 
thought to be of Early Devonian age (Bowman & Richardson 1983). Mid-Devonian 
acid volcanic bulk tonnage gold mineralization occurs in the Eden-Comerong-Yalwal 
Rift Zone (Mcllveen 1975) while some porphyry-type copper deposits are notably 
gold-rich (e.g. the Cargo deposit; Stevens 1975).
The Thomson Orogen was represented by pre-cratonic, transitional, and 
cratonic regimes at approximately the same times as the Lachlan Orogen. In fact, the 
two orogens may be contiguous beneath the sediments of the Great Artesian Basin 
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(Scheibner 1974). Gold-bearing acid volcanic massive sulphide deposits, such as 
Liontown (Levingston 1974), are of Cambro-Ordovician age and are located along 
the Mount Windsor Volcanic Arc (Day et al. 1983). The Highway gold deposit (Kay 
this volume) also lies along this Arc. During the transitional regime, which lasted 
from possibly the Ordovician to the Early Permian (Murray & Kirkegaard 1978), two 
periods of porphyry-type copper/molybenum mineralization were emplaced during 
the Siluro-Devonian and Permo-Carboniferous respectively (Horton 1982).
A period of post-orogenic. Late Carboniferous to Early Permian, plutonism 
and continental subaerial volcanism (Richards 1980; Oversby et al. 1980) affected the 
Thomson and Hodgkinson-Broken River Orogens, as well as the eastern parts of the 
Precambrian inliers to the west (Text-fig. 1), and introduced post-orogenic bulk 
tonnage gold mineralization into north Queensland. Such deposits include Mt. 
Leyshon and Mt. Wright (Levingston 1974), Kidston (Bain & Withnall 1980; Wilson 
this volume), and Red Dome (Karjalainen et al. this volume).
This pre-cratonic regime of the Hodgkinson-Broken River Orogens, was 
effectively devoid of acid igneous rocks and, consequently, acid volcanic massive 
sulphide and associated gold deposits are not present. As mentioned previously, post- 
orogenic bulk tonnage gold deposits occur in this region.
The pre-cratonic tectonic regime of the New England Orogen lasted from the 
Silurian to the Late Permian although the western part of this orogen was probably a 
transitional regime from the late Carboniferous (Day et al. 1978). Two periods of 
gold-rich acid volcanic massive sulphide mineralization are recognised in the mid­
Devonian (e.g. the Mt. Morgan deposit; Frets 1974; Taube 1987) and the Early 
Permian (Kay 1983). While the main phase of the transitional regime lasted until the 
Late Triassic, the northern and eastern parts of the orogen were affected until the 
Middle Cretaceous. Two periods of porphyry-type copper/molybdenum 
mineralization occurred during the Late Permian to mid-Triassic and during the Early 
Cretaceous (Horton 1982). Although post-orogenic bulk tonnage gold deposits are 
recognised in the earlier period (e.g. the Mt. Rawdon deposit; Horton et al. 1980; 
Cayzer & Leckie this volume), some gold deposits of Early Cretaceous age may be of 
this type. Late Permian acid volcanic bulk tonnage gold mineralization occurs at 
Drake (Herbert 1983a; b) in an early transitional graben in the New England 
Province.
POST-OROGENIC SUBAERIAL VOLCANIC AND SUBVOLCANIC 
MINERALIZATION
Many post-orogenic bulk tonnage gold deposits have been popularly termed 
‘porphyry’ gold deposits even though the definition was originally coined for 
examples of gold-rich porphyry copper mineralization. While this paper is primarily 
concerned with volcanic and subvolcanic gold deposits, some of the latter types 
exhibit porphyry copper characteristics.
After studying porphyry-type copper/molybdenum mineralization in eastern 
Queensland, Horton (1982) concluded that deposits with island arc-type mineralogies 
(Cu, Mo, Au), and possibly those with continental margin-type mineralogies 
(polymetallic), are richest in gold where erosion levels are shallow. Conversely, 
molybdenum contents increase with deeper erosion levels. The great majority of east
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base metal
found in the 
or associated
Australian porphyry-type copper deposits exhibit island arc-type 
mineralogies.
Gold mineralization in porphyry copper deposits is likely to be 
upper part of the alteration/mineralization shell, within breccia pipes, 
with skarn mineralization. Porphyry-type copper deposits in eastern Australia which 
contain gold are Coalstoun, Mt. Cannindah, Calliope, Mt. Seaview (Horton 1982), 
Cargo (Stevens 1975), and Vaughans’ Ridge (Matson 1975).
Horton (1982) speculated that, if the increase in gold content with higher levels 
in porphyry copper systems could be extended upwards into subvolcanic and volcanic 
environments, the mineralization found associated with acid volcanics should be 
dominantly gold-copper in character. To support this statement, he noted the close 
spatial and temporal association of many bulk tonnage acid volcanic gold deposits 
with shallowly-eroded porphyry-type copper deposits. Recent gold discoveries in 
eastern Australia have tended to substantiate this hypothesis.
Sillitoe (1973) and Branch (1976) considered that a typical porphyry copper 
deposit is overlain by an andesitic stratavolcano. In eastern Australia, there is 
evidence to suggest that any overlying volcanoes are rhyolitic to dacitic in 
composition. Post-orogenic andesitic volcanics are far less common than rhyolite/ 
dacite volcanics in eastern Australia. The exact relationship between porphyry copper 
deposits and high-level volcanogenic gold deposits is the subject of conjecture. 
Volcanogenic deposits may represent totally, or partially, vented porphyry copper 
systems, or alternatively, there may be a direct progression from volcanic to porphyry 
copper mineralization, with one directly overlying the other.
Text-fig. 3: Generalized model of post-orogenic subaerial acid volcanic- and 
subvolcanic-hosted bulk tonnage gold deposits (not to scale).
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(a) Breccia pipes/hydrothermal vents
Mineralized breccia pipes represent the most common style of post-orogenic acid 
volcanic gold mineralization in eastern Australia. High-level breccia pipes are 
invariably intrusive (or explosive) in character due to their high volatile contents and 
shallow emplacement depths. They vary in characteristics according to their original 
volatile contents. Widespread sericitization, kaolinization, and pyritization are 
common and disseminated and fracture/vein-controlled gold and base metal sulphides 
can be present. Examples of this type of mineralization are the Kidston and Mt. 
Wright deposits (Table 2). It is uncertain whether or not all mineralized pipes actually 
reach the surface. Where they do vent, it is often at the site of a volcanic vent, with 
hydrothermal activity representing the waning stages of volcanism. The combined Mt. 
Shamrock/Mt. Ophir/Mt. Melville system, for example, represents three gold-bearing 
agglomerate-filled volcanic vents (Ellis 1968).
(b) Proximal mineralization
Gold mineralization can occur in acid pyroclastic rocks within the volcanic pile 
adjacent to a volcanic vent. The high volatile content of the magmas makes for 
explosive volcanism and, as a result, the volcanic pile commonly occupies a caldera. 
This type of caldera is not to be confused with a collapse caldera where gold 
mineralization can occur along faults. Mineralization is distributed within the 
pyroclastic rocks and is usually deposited from coeval fluids; pulses of mineralization 
commonly occur. Pyrite mineralization is widespread and is accompanied by 
extensive argillic and lesser propylitic alteration. Recent data suggests that the Mt. 
Rawdon deposit is an example of this type of mineralization.
(c) Skarn mineralization
Where high-level rhyolite bodies or breccia pipes encounter calcareous horizons, gold- 
rich hydrothermal solutions may produce auriferous skarns. Commonly, these skarns 
are copper-rich. A Queensland example of this type of mineralization is the Red 
Dome prospect although the style of mineralization may be closer to that of a 
porphyry copper deposit.
SUBAERIAL/SHALLOW MARINE VOLCANIC 
MINERALIZATION
In New South Wales, several bulk tonnage gold deposits cannot be readily 
classified as belonging to the ‘porphyry’ gold group, or to the gold-rich massive 
sulphide group. They differ in terms of their depositional and tectonic environment.
Most, if not all, of the deposits were formed during early transitional tectonic 
regimes. Usually they have the same age as porphyry-type copper/molybdenum 
deposits in the same orogen although there may not be a spatial association. Almost 
all deposits are confined to subaerial/shallow marine environments in volcanic rifts, 
or may be situated in marginal sea settings. This group of deposits is poorly 
understood although some individual deposits have been studied in detail.
Deposits in this category include Drake (Herbert 1983a; b), Yalwal, Grassy 
Gully, Panbula (Mcllveen 1975), and the Peak Hill deposit (Bowman & Richardson 
1983). The characteristics of several of these deposits are summarized in Table 2.
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Mineralization is invariably associated with rhyolitic to dacitic flows and 
pyroclastic rocks although subvolcanic intrusive varieties may also be present. The 
gold is fine-grained and usually disseminated with sulphides (mainly pyrite) as 
stratabound deposits in the volcanics or contained in breccias caused by volcanic 
deposition on wet sediments. Occasionally, stockwork veinlet mineralization is 
present (Text-fig. 4). Secondary mobilization and concentration of gold along 
fractures in the weathered zone is common. Pyrophyllite and clay alteration products 
are also common. Many of these deposits have been compared to deposits in modern 
geothermal areas.
Text-fig. 4: Generalized model of rift-related subaerial/shallow marine acid volcanic 
bulk tonnage gold deposits (not to scale; see text-fig. 3 for legend).
OROGENIC SUBMARINE VOLCANIC MINERALIZATION
Numerous acid volcanic-hosted massive sulphide deposits have been found in 
the Tasman Orogenic Zone ranging in age from Cambrian in northwest Tasmania 
and north Queensland to Early Permian in central and southern Queensland. 
Volcanic rocks associated with this type of mineralization are dominantly rhyolitic/ 
dacitic in composition and are often interbedded with sedimentary rocks.
The occurrence of massive sulphide deposits in pre-cratonic tectonic regimes 
implies that they have sustained low- to medium-grade regional metamorphism during 
the subsequent cratonization of the orogens in which they occur. Strong cleavages are 
usually present. The deposits are stratiform and lenticular in cross-section, with a 
base and precious metal assemblage of copper-lead-zinc ± silver ±gold. Most 
deposits of this type in eastern Australia carry minor amounts of gold with only a 
few being enriched beyond 2 g/t Au.
Within the deposits, mineralogical zonation is common, with copper enrichment 
towards the base of the ore lens and zinc and lead towards the top. Stringer, or pipe, 
mineralization may be present in the footwall of those deposits (proximal deposits) 
containing copper ± gold mineralization (Text-fig. 5). Some gold deposits in 
submarine volcanics may represent feeder zones to now eroded, or poorly-formed, 
massive sulphide mineralization. Alteration products associated with footwall 
mineralization are commonly pyrite, quartz, chlorite, and sericite. The copper-gold
Text-fig. 5: Generalized model of pre-cratonic submarine acid bulk tonnage gold 
deposits (not to scale; see text-fig. 3 for legend).
orebody at Mt. Morgan is atypical in that it is mainly a pipe deposit with only minor 
amounts of stratiform mineralization stratigrahically above the pipe (Taube 1980a; 
1986).
Various authors (e.g. Scheibner &
1983) consider these eastern Australian 
massive sulphide deposits of Japan.
The most common tectonic setting
Markham 1976; Taube & van der Helder 
deposits to be similar to the Kuroko-type
for these deposits is along the margins of 
back- and inter-arc rift zones, particularly in New South Wales (Scheibner & 
Markham 1976) and northwest Tasmania (Corbett 1981). In Queensland, the Early 
Permian Mt. Chalmers deposit lies in the Berserker Graben (Kirkegaard et al. 1970). 
Deposits such as Mt. Morgan, Liontown, and Highway are situated along volcanic 
arcs, some of which have island arc characteristics (proto-island arcs). Mt. Morgan 
lies on the Devonian Calliope Island Arc, whereas Liontown and Highway lie on the 
Cambro-Ordovician Mount Windsor Volcanic Arc (Day et al. 1983). These deposits 
may have been related to faulting or rifting along, or adjacent to, the arcs.
Deposits in eastern Australia which contain appreciable quantities of gold 
mineralization are Mt. Morgan (Taube 1987), Mt. Chalmers (Taube 1980b), 
Liontown (Levingston 1974), and Highway (Kay this volume) (Table 2).
COMPARISON OF DEPOSITS
Apart from depositional environment, tectonic setting, and associated base 
metal deposits (porphyry copper and massive sulphide deposits), deposits of the three 
depositional/tectonic categories mentioned previously exhibit only minor differences 
in mineralization styles and alteration assemblages.
Rhyolitic and dacitic flows, pyroclastic rocks, and breccias predominate in all 
three categories and metal assemblages are basically similar. The deposits contain 
varying proportions of iron (as pyrite), copper, lead, zinc, gold, and silver with some 
deposits containing arsenic, bismuth, antimony, and so forth. There does not appear 
to be any metal, or group metals, which is confined exclusively to a particular group 
of deposits although the data base, in this regard, is somewhat limited.
Ignoring skarn deposits, post-orogenic subaerial volcanic and subvolcanic 
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deposits are characterized by mineralized intrusive breccia pipes, hydrothermal/ 
volcanic vents, and proximal disseminated stratabound mineralization in the vented 
volcanic pile. Alteration products are typically kaolin and sericite with lesser chlorite 
and epidote; quartz may also be present.
Subaerial/shallow marine volcanic deposits are dominantly disseminated 
stratabound deposits with some mineralization contained in breccias and stockworks. 
Typical alteration products are kaolin, quartz, and pyrophyllite, with lesser sericite.
Orogenic submarine volcanic deposits are the stringer zones, or pipes, to 
proximal stratiform massive copper-lead-zinc mineralization. Often these pipes 
appear pseudobrecciated. Alteration products associated with these stringer zones and 
pipes include quartz, sericite, and chlorite. These deposits usually exhibit regional 
metamorphic overprinting.
GENETIC IMPLICATIONS
Several workers (e.g. Guild 1972; Hutchinson & Hodder 1972) have noted a 
close association between porphyry copper and massive sulphide mineralization as a 
consequence of evolutionary developments within particular orogenic belts. Although 
both types of deposit are generated in dominantly calc-alkaline volcanic/plutonic 
arcs, at convergent plate boundaries, they are not found together in space and time 
(Sillitoe 1980). In eastern Australia, massive sulphide deposits and porphyry-type 
copper/molybdenum deposits are confined to pre-cratonic and post-orogenic regimes, 
respectively.
The close tectonic and magmatic association of both ore types has led to 
speculation that they may share a common genesis but differ in mineralization styles 
because of depositional, tectonic, or other factors. Sillitoe (1980) contends that 
porphyry copper and Kuroko-type massive sulphide deposits are incompatible, partly 
because they are associated with andesitic and rhyolitic volcanics, respectively. In 
eastern Australia, this argument does not hold because the volcanics associated with 
both types of mineralization are rhyolitic to dacitic in composition.
Over the past 15 years, attempts have been made to determine the genesis of 
both ore types and excellent summaries are given by Beane and Titley (1981) and 
Franklin et al. (1981). Current thinking on the genesis of both ore types involves 
circulating hydrothermal fluids (convection cells) resulting from the heat generated by 
acid magmas. However, the debate is still continuing regarding the degree of 
magmatic and meteoric fluid contribution. Obviously, if the two types of deposit are 
emplaced under differing meteoric conditions, then the volume and composition of 
meteoric fluids entering the convection cells will have a profound affect on the 
resulting mineralization styles. Unfortunately, this is not the only factor involved 
because Sillitoe (1980) and Horton (1980) have noted instances where porphyry 
copper deposits were presumed to have been emplaced under submarine conditions.
It is considered that crustal thickness, not depositional environment, is the main 
factor determining whether massive sulphide or porphyry copper deposits form in a 
cratonising orogen at a given point in time. Massive sulphide deposits form in regions 
of thin crust, whereas porphyry copper deposits are emplaced in much thicker crust. 
Horton (1982) considered that crustal thickness was also the principal factor affecting 
the characteristics of the Queensland porphyry-type copper deposits.
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In eastern Australia, one of the factors common to certain porphyry-type 
copper and acid volcanic massive sulphide deposits is the associated gold 
mineralization. Porphyry-type copper deposits form at shallow to intermediate depths 
in the Earth’s crust with bulk tonnage gold deposits found in the overlying volcanic 
and subvolcanic rocks (Text-fig. 3). Massive sulphide deposits form on the sea floor 
with bulk tonnage gold deposits found in the directly underlying acid volcanic rocks 
(Text-fig. 5).
The three basic types of bulk tonnage gold deposits described in this paper, pre- 
cratonic submarine deposits, rift-related subaerial/shallow marine deposits, and post- 
orogenic subaerial deposits, are considered to have been emplaced in progressively 
thicker crust. Hybrid porphyry copper/massive sulphide deposits could reasonably be 
expected in association with subaerial/shallow marine bulk tonnage gold 
mineralization, although a bulk low-grade base metal association has yet to be 
recognised with these gold deposits.
Porphyry copper deposits are known in present day island arcs but are absent in 
the much thinner volcanic arcs (proto-island arcs) of the pre-cratonic regimes of the 
Tasman Orogenic Zone. Gold-copper mineralization at Mt. Morgan is an atypical 
massive sulphide deposit (Taube 1980a) although several previous workers (e.g. 
Cornelius 1969) considered it to be a porphyry copper-type breccia pipe. The ‘hybrid’ 
characteristics of this deposit may be accounted for by its position on the Devonian 
Calliope Island Arc.
ACKNOWLEDGEMENTS
I wish to express my appreciation to the following individuals and exploration 
companies for providing information on various deposits prior to the holding of this 
symposium: John Kay (Highway), Peter Gregory (Liontown), Samantha Exploration 
N.L. (Mount Rawdon), and Amoco Minerals Australia Co. (Red Dome). The 
manuscript benefitted greatly from discussions with Cec Murray and Eric Heidecker. 
Particular thanks should go to Lloyd Hamilton and Hugh Herbert for encouraging 
me to write this paper, and to Denise Horton who typed and retyped the manuscript.
REFERENCES
BAIN, J.H.C. & WITHNALL, I.W. 1980. Mineral deposits of the Georgetown region, 
northeast Queensland; in HENDERSON, R.A. & STEPHENSON, P.J. (Eds.), The 
Geology and Geophysics of Northeastern Australia. Geol. Soc. Aust. Qd Div., Brisbane, 
129-148.
BEANE, R.E. & TITLEY, S.R. 1981. Porphyry copper deposits; in SKINNER, B.J. (Ed.), 
Seventy-Fifth Anniversary Volume 1905-1980. Econ. Geol., 235-269.
BOWMAN, H.N. & RICHARDSON, S.J. 1983. Alteration zoning at the Peak Hill 
disseminated copper-gold district; in BOWMAN et al. (Eds.), Palaeozoic Island Arc and 
Arch Mineral Deposits in the Central-West of New South Wales. Rec. Geol. Surv. 
N.S.W., 21(2):M75-M84.
BOYLE, R.W. 1979. The geochemistry of gold and its deposits. Bull geol. Surv. Can., 280.
BRANCH, C.D. 1976. Development of porphyry copper and stratiform volcanogenic 
orebodies during the life cycle of andesitic stratavolcanoes; in JOHNSON, R.W. (Ed.),
31
Volcanism in Australasia: 337-342, Elsevier, Amsterdam.
CAYZER, R. & LECKIE, J.F. 1987. Mount Rawdon; Exploration of a bulk low grade gold 
deposit. Pap. Dep. Geol. Univ. Qd., 12: 85-99.
CLARKE, D.E. 1971. Geology of the Ravenswood 1 mile Sheet area, Queensland. Rep. geol. 
Surv. Qd, 53.
CORBETT, K.D. 1981. Stratigraphy and mineralisation in the Mount Read Volcanics, western 
Tasmania. Econ. Geol., 76: 209-230.
CORNELIUS, K.D. 1969. The Mount Morgan Mine, Queensland — a massive gold-copper 
pyritic replacement deposit. Econ. Geol., 64: 85-902.
DAY, R.W., MURRAY, C.G. & WHITAKER, W.G. 1978. The eastern part of the Tasman 
Orogenic Zone. Tectonophysics, 48: 327-360.
DAY, R.W., WHITAKER, W.G., MURRAY, C.G., WILSON, I.H. & GRIMES, K.G. 1983. 
Queensland geology. Pubis geol. Surv. Qd, 383.
DICKSON, F.W., RYE, R.O. & RADTKE, A.S. 1979. The Carlin gold deposit as a product 
of rock-water interactions. Rep. Nev. Bur. Mines, 33: 101-107.
ELLIS, P.L. 1968. Geology of the Maryborough 1:250 000 Sheet area. Rep. geol. Surv. Qd, 
26.
FRANKLIN, J.M., SANGSTER, D.M. & LYDON, J.W. 1981. Volcanic-associated massive 
sulphide deposits; in SKINNER, B.J. (Ed.), Seventy-Fifth Anniversary Volume 
1905-1980. Econ. Geol. 485-627.
FRETS, D.C. 1974. Rock relationships and mineralisation at Mount Morgan; in Papers 
Presented at the Southern and Central Queensland Conference, 1974. Australas. Inst. 
Min. MetalL, Melbourne, 425-439.
GILLIGAN, L.B., FELTON, E.A. & OLGERS, F. 1979. The regional setting of the 
Woodlawn deposit. J. geol. Soc. Aust., 26: 135-140.
GILLIGAN, L.B. & SGHEIBNER, E. 1978. Lachlan Fold Belt in New South Wales. 
Tectonophysics, 48: 217-265.
GUILD, P.W. 1972. Massive sulphide vs porphyry deposits in their global setting. Jap. Min. 
MetalL Inst. — Amer. Inst. Min. Metall. Petrol. Eng., Preprint G13.
HERBERT, H.K. 1983a. The Drake Mineral Field — an unique entity in eastern Australia; in 
Permian Geology of Queensland. Geol. Soc. Aust. Qd Div., Brisbane, 367-377.
HERBERT, H.K. 1983b. Gold-silver mineralisation within the Drake Volcanics of 
Northeastern New South Wales; in Permian Geology of Queensland. Geol. 
Qd Div., Brisbane, 401-412.
HORTON, D.J. 1980. Porphyry-type copper and molybdenum mineralisation 
Queensland. M.Sc. Thesis, James Cook Univ. Nth. Qd (unpubL).
HORTON, D.J. 1982. Porphyry-type copper and molybdenum mineralisation 
Queensland. Pubis geol. Surv. Qd, 378.
HORTON, D.J., KROSCH, N.J. & DIXON, O. 1980. Departmental investigations 
Swindon gold prospect. Mount Perry. Rec. geol. Surv. Qd, 1980/8 (unpubL).
HUTCHINSON, R.W. & HODDER, R.W. 1972. Possible tectonic and métallogénie 
relationships between porphyry copper and massive sulphide deposits. Can. Min. Metall. 
Bull., 1972: 34-40.
KAY, J.R. 1983. A review of metalliferous mineralization associated with Permian rocks in 
Queensland; in Permian Geology of Queensland. Geol. Soc. Aust. Qd Div., Brisbane, 
343-352.
KAY, J.R. 1987. The Highway Gold Mine, Charters Towers — submarine volcanogenic 
Soc. Aust.
in eastern
in eastern
of the
32
gold-barite stringer mineralization modified by lateritic weathering. Pap. Dep. Geol. 
Univ. Qd., 12: 100-109.
KARJALAINEN, H., ERCEG, M. & JOYCE, P.J. 1986. The geology of the Red Dome 
deposit. Pap. Dep. Geol. Univ. Qd., 12: 100-109.
KIRKEGAARD, A.G., SHAW, R.D. & MURRAY, C.G. 1970. Geology of the Rockhampton 
and Port Clinton 1:250 000 Sheet areas. Rep. geol. Surv. Qd, 38.
LEVINGSTON, K.R. 1974. Ore deposits and mines of the Charters Towers 1:250 000 Sheet 
area, north Queensland. Rep. geol. Surv. Qd, 57.
McILVEEN, G.R. 1975. Eden-Comerong-Yalwal Rift Zone; in MARKHAM, N.L. & 
BASDEN, H. (Eds.), The Mineral Deposits of New South Wales. Geol. Surv. N.S.W., 
Sydney, 264-274.
MARKHAM, N.L. 1975 Demon, Emu Creek, and Beenleigh Blocks; in MARKHAM, N.L. & 
BASDEN, H. (Eds.), The Mineral Deposits of New South Wales. Geol. Surv. N.S.W., 
Sydney, 404-418.
MATSON, C.R. 1975. Part 1: Mine data sheets to accompany Métallogénie map, Dubbo 1:250 
000 Sheet. Part 2: A métallogénie study of the Dubbo 1:250 000 Sheet. Geol. Surv. 
N.S.W.
MURRAY, C.G. & KIRKEGAARD, A.G. 1978. The Thomson Orogen of the Tasman 
Orogenic Zone. Tectonophysics, 48: 299-325.
NETHERY, J.E. 1979. Authority to Prospect 2027M, Mount Shamrock. Report for six 
months period to 2nd April, 1979. A.O.G. Minerals Ltd. Rep. Qd Dept. Mines, CR7048 
(unpubl.).
OVERSBY, B.S., BLACK, L.P. & SHERATON, J.W. 1980. Late Palaeozoic continental 
volcanism in northeastern Australia; in HENDERSON, R.A. & STEPHENSON, P.J. 
(Eds.), The Geology and Geophysics of Northeastern Australia. Geol. Soc. Aust. Qd 
Div., Brisbane, 247-268.
RICHARDS, D.N.G. 1980. Palaeozoic granitoids of northeastern Australia; in HENDERSON, 
R.A. & STEPHENSON, P.J. (Eds.), The Geology and Geophysics of Northeastern 
Australia. Geol. Soc. Aust. Qd Div., Brisbane, 229-246.
RICKARD, M.J. & SCHEIBNER, E. 1975. The philosophical basis and terminology for 
tectonic nomenclature. Geol. Soc. Aust. SGTSG Newsletter 4: 16-29.
SCHEIBNER, E. 1974. Fossil fracture zones, segmentation, and correlation problems in the 
Tasman Fold Belt system; in DENMEAD, A.K., TWEEDALE, G.W. and WILSON, A.F. 
(Eds.), The Tasman Geosyncline: a Symposium. Geol. Soc. Aust. Qd Div., Brisbane, 
65-98.
SCHEIBNER, E. 1975. An outline of the tectonic development of New South Wales with 
special reference to mineralisation; in MARKHAM, N.L. & BASDEN, H. (Eds.), The 
Mineral Deposits of New South Wales. Geol. Surv. N.S.W., Sydney, 1-39.
SCHEIBNER, E. & MARKHAM, N.L. 1976. Tectonic setting of some strata-bound massive 
sulphide deposits in New South Wales. Australia; in WOLF, K.H. (Ed.), Handbook of 
Strata-bound and Stratiform Ore Deposits, Volume 6: 55-77. Elsevier.
SHARP, W.H. & TROENSEGAARD, K. 1971. Annual report. Authority to Prospect 480M, 
Queensland. Noranda Australia Ltd. Rep. Qd Dept. Mines, CR3436 (unpubl.).
SILLITOE, R.H. 1973. The tops and bottoms of porphyry copper deposits. Econ. Geol., 68: 
799-815.
SILLITOE, R.H. 1980. Are porphyry copper and Kuroko-type massive sulphide deposits 
incompatible? Geology, 8: 11-14.
33
STEVENS, B.P.J. 1975. A métallogénie study of the Bathurst 1:250 000 Sheet. Geol. Surv. 
N.S.W.
TAUBE, A. 1980a. The Mount Morgan copper-gold mine; in HOFMANN, G.W. (Ed.), 1980 
Field Conference, Mount Morgan, Rundle Range, Yeppoon Area. Geol. Soc. Aust. Qd 
Div., Brisbane, 40-50.
TAUBE, A. 1980b. The Mount Chalmers copper-gold mine; in HOFMANN, G.W. (Ed.), 
1980 Field Conference, Mount Morgan, Rundle Range, Yeppoon Area. Geol. Soc. Aust. 
Qd Div., Brisbane, 60-65.
TAUBE, A. 1986. The Mount Morgan gold-copper mine and its environment, Queensland — 
a volcanogenic massive sulphide deposit associated with penecontemporaneous faulting. 
Econ. Geol., 81: 1322-1340.
TAUBE, A. & VAN DER HEEDER, P. 1983. The Mount Chalmers mine and environment; in 
Permian Geology of Queensland. Geol. Soc. Aust. Qd Div., Brisbane, 387-399.
VANDENBERG, L.M. 1978. The Tasman Fold Belt system in Victoria. Tectonophysics, 48: 
267-298.
WILSON, G.I. 1987. The Kidston Gold Mine (Ab.). Pap. Dep. Geol. Univ. Qd., 12:84.
WORTHINGTON, J.E. 1981. Bulk tonnage gold deposits in volcanic environments; in 
DICKINSON, W.R. & PAYNE, W.D. (Eds.), Relations of Tectonics to Ore Deposits in 
the Southern Cordillera. Ariz. Geol. Soc. Digest, 14: 263-270.
D.J. Horton
D.J. Horton & Associates
46 Tucker Street
Chapel Hill, Queensland, 4069.
34
STYLES OF BULK TONNAGE GOLD MINERALIZATION IN 
NORTH QUEENSLAND
by G.W. Morrison
(1)
(2)
(3)
(4)
(5)
(6)
ABSTRACT. The current boom in bulk tonnage, low-grade gold deposits has led to the 
widespread application of epithermal models in exploration. The fact that recent major 
discoveries in North Queensland do not conform to a classic epithermal model has prompted a 
review of styles of bulk tonnage gold mineralization in an attempt to improve the exploration 
models.
In a preliminary classification of North Queensland gold deposits the following styles 
have been recognised:
Deep Vein (e.g. Charters Towers) 
Metamorphic Vein (e.g. Hodgkinson) 
Shallow Vein (e.g. Ravenswood) 
Volcanogenic Massive Sulphide (e.g. Liontown) 
Breccia Pipe (e.g. Kidston) 
Stockwork/Skarn (e.g. Mungana)
Historical production has been almost entirely from the vein deposits of which the deep 
group was most important. The deep veins are base metal-rich fissures and shear zones related 
to syn- or post-tectonic Late Devonian(?) granitoids and hosted in older Paleozoic or 
Precambrian granitoids or metamorphics. Bulk tonnage potential in these deposits depends on 
disseminated or stockwork mineralization in sheared wallrocks adjacent to the fissures. 
Attempts are only now being made to distinguish veins of metamorphic origin and those 
related to Permo-Carboniferous sub-volcanic plugs from the typical Late Devonian deep veins. 
A case in point is Ravenswood which has traditionally been compared with Charters Towers on 
the basis of host rocks and alteration despite a vein character and gold association that imply a 
much shallower origin.
Minor gold has been produced from the Liontown and Highway volcanogenic massive 
sulphide deposit which are hosted in the Cambrian Mount Windsor Volcanics. Despite active 
exploration in the Mount Windsor’s, the Hodgkinson and Proterozoic volcanic belts, no new 
major discoveries of gold-bearing volcanogenic massive sulphides have been made.
The discovery of the Kidston and Mount Leyshon breccia deposits and the Mungana 
stockwork/skarn deposit has led to extensive exploration of Permo-Carboniferous rhyolites 
using epithermal models. However, there is a notable absence of gold occurrences in the major 
rhyolite calderas and no documented examples of mineralized hotspring, replacement or 
shallow epithermal vein deposits. Rather, the occurrences are in linear belts adjacent to major 
calderas and associated with subvolcanic rhyolite-granite bodies that may be geochemically 
anomalous in B, Sn, Mo, W or Bi. The occurrence of discrete breccia pipes, skarn and 
stockworks is more characteristic of a porphyry, rather than an epithermal, environment. 
Preliminary work at Kidston suggests a magmatic hydrothermal fluid was responsible for 
breccia formation and probably also for mineralization there.
Current studies are aimed at discriminating deep, shallow and metamorphic vein 
occurrences, evaluating the unusual porphyry-tin granite-gold association and predicting likely 
epithermal environments.
G. W. Morrison
Department of Geology
James Cook University of North Queensland 
Townsville, Queensland, 4810.
Pap. Dep. Geol. Univ. Qd. 12(1): 34-34, Dec., 1987.
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MORPHOSTRUCTURAL GUIDES FOR GOLD EXPLORATION IN 
QUEENSLAND
by E.J. Heidecker
ABSTRACT. LANDSAT imagery has renewed interest in the Earth’s surface morphology 
as a guide to structures which control resources, including gold. Morphostructural guides for 
gold in Queensland include:
1. Lineaments. Certain physiographic lineaments are morphostructures which overlie 
concealed structures. There may be little evidence for these structures in maps of surface 
geology. Consequently such lineaments have not been used to guide exploration to the extent 
that they might have been.
A case history is documented for the Charters Towers Lineament in northeastern 
Queensland. The position of this lineament was published in 1956. Subsequently, more detailed 
publications identified and classified associated lineaments and related gold mineralization to 
lineament intersections. The discovery of a significant orebody at one of the most prominent 
lineament intersections came in 1975. Mine drilling has confirmed the influence of intersecting 
lineament trends which are the signature of gold mineralization about Charters Towers.
Similar associations between lineament intersections and significant centres of gold 
mineralization are now widely recognised along the Tasman Zone of eastern Queensland. The 
signatures of mineralized intersections in both southeastern and northeastern Queensland 
include northeasterly and northwesterly transverse trends as well as the near-meridional trends 
of the Tasman Zone. One of the several possible genetic explanations is that structures have 
been generated at points of intersection between wrench-faults and sutures defining the Tasman 
Zone. In this way, as many as four lineaments may emanate from deeply disturbed 
intersections favourable for mineralization.
2. Drainage patterns. Substantial drainage changes complicate interpretation of major 
gold placer deposits in Queensland. Those attributable to tectonism may be rationalized in 
terms of morphostructures which have determined 
Queensland appears to be influenced by meridional 
warps and fractures.
3. Land surfaces. Advances in identification
successive divides. Drainage in north 
morphostructures crossed by torsional
and mapping of palaeo-surfaces in 
Queensland come opportunely with research which has established supergene enrichment along 
such surfaces. This link between gold grades and surfaces is important for exploration and 
mine development throughout Queensland. Morphostructures provide guides to enrichment in 
goldfields overlain by extensive lateritic surfaces or centred upon inselbergs and residual hills 
which preserve eroded palaeo-surfaces.
INTRODUCTION
Geomorphology and structural geology have played important, but largely 
separate, roles in exploration for placer and epigenetic gold deposits. The integrated 
approach of structural geomorphology (Hills 1972; Ollier 1981) is now needed to 
exploit modern data bases for gold exploration. These include aerial photography and 
LANDSAT imagery. A morphostructural approach is needed to link new views of the 
Earth’s surface morphology and structure in the development of exploration guides
Pap. Dep. Geol. Univ. Qd., 12(1): 35-50, Feb., 1987. 
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for gold.
The term “morphostructure” is widely applied in Europe and the Soviet Union 
to this interplay of morphology and structure. Gerasimov’s original definition is 
given in English by Fairbridge (1968), Demek (1972), and Bates and Jackson (1980). 
Morphostructures are ‘forms of the earth’s surface produced by the interaction of 
endogenetic and exogenetic processes’. Endogenetic processes are primarily tectonic 
whilst exogenetic processes are geomorphic.
Morphostructures which provide guides for gold exploration include certain 
lineaments, linear drainage divides and deformed land surfaces.
MORPHOSTRUCTURAL GUIDES
Lineaments
From very early times, practical miners have sought surface guidelines for gold 
exploration. These include ‘lineaments’ which are ‘straight or simply curved 
morphologic features revealed in the surface features of the earth’ (Hills 1956), or 
‘linear pattern discontinuities in field data’ (O’Driscoll 1982). O’Driscoll (ibid.) has 
reported extensive current use of lineaments as guidelines to mineral deposits.
Nevertheless, there has been hesitancy in the use of lineament guides for gold 
exploration in Queensland. This is understandable; they are readily misused by non­
specialists who may select as guides less significant orders of lineaments and lines 
which are not of geologic origin. Lineaments are also most useful early in exploration 
programmes when limited surface geologic information may provide little supporting 
evidence for deeply-concealed structures indicated by lineaments. This is particularly 
the case for morphostructural lineaments which provide important new guidelines for 
gold exploration. There is not such a problem for etched 
follow surface structures which are readily mapped by 
methods.
Furthermore, lineaments are difficult to reconcile
lineaments because these 
conventional geological
with orthodox tectonic 
interpretations. For instance, mineralization in northeastern Queensland has been 
linked to a framework of lineaments by Hills (1956), Heidecker (1970; 1974; 1980), 
Horton (1978), and Lacy (1980). Such a framework is difficult to reconcile with 
orthodox tectonic interpretations involving regional rotation and folding about the 
‘Big Bend Megafold’ (Bell 1980).
The hypothesis that certain lineaments overlie deep structures controlling gold 
mineralization is best tested by the success of published guidelines arising from the 
hypothesis. The history of published work is long enough now for testing in the 
goldfields about Charters Towers in north Queensland.
Lineament use illustrated. Charters Towers is the centre of a major gold and mineral 
province which stretches across the basin of the Burdekin River in northern 
Queensland (Levingston 1974), Early mapping by Jack et al. (1898) revealed a 
complex mesh of structures centred on Charters Towers (Heidecker 1974). Further 
mapping has confirmed the structural complexity of the Burdekin goldfields. Text­
fig. 1 is deliberately unabridged to illustrate the vast amount of structural, tectonic, 
and métallogénie information which must be considered in developing exploration 
guidelines for gold. With the use of lineament guidelines, it is possible to recognise
Text-fig. 1: Structural and métallogénie data for gold exploration guidelines, 
northeastern Queensland. CL is the trace of the Charters Towers lineament. XY is 
another example of a significant northeastern lineament in the region.
controls in such complex data bases. Controlling structures, commonly deeply 
concealed, are considered likely to be sensitive to neotectonism, and thus 
preferentially marked out by surface morphostructures.
Hills (1956) used a physiographic model of Australia to identify lineaments on a 
continental, and thus significant, scale. Text-fig. 2 is part of that model covering the 
area of text-fig. 1 and adjacent areas to the west. Text-fig. 3 is a contrast-intensified 
image of text-fig. 2 on which are also shown localities. Hills (ibid, p. 5) recognised a 
prominent continental physiographic lineament which extends into text-fig. 3 along 
AB. He referred to this lineament as the Charters Towers Lineament as it coincides 
with a particularly extensive set of dykes in the complex mesh of structures centred 
on Charters Towers.
Heidecker (1970; 1974) linked gold mineralization to intersections of several sets 
of lineaments including prominent lineaments such as EF trending northwest parallel 
to the Burdekin River at CD and offset to EF in text-fig. 3. These lineaments are 
now known to be strongly expressed in LANDSAT imagery which is the basis for the 
Mid-Burdekin Lineament in text-fig. 1.
The potential usefulness of such lineament guidelines has been borne out by 
subsequent discoveries. An instance is the Thalanga deposit found during July 1975
Text-fig. 2: Part of a physiographic model of Australia constructed by E.S. Hills, 
Melbourne University. The area covered is slightly larger than the field of text-fig. 1. 
The orientation, scale and location of this view is marked on its copy, text-fig. 3.
(Gregory &, Hartley 1982). Thalanga lies 58 km southwest of Charters Towers, as 
shown by a mineralization symbol in text fig. i. This has been the first of a new 
generation of base metal-noble metal deposits to be prepared for production in the 
Charters Towers region.
The location of the Thalanga deposit was predictable along previously available 
lineament guidelines as:
(i) the deposit lies with more than coincidental precision upon the Charters Towers 
Lineament defined by Hills (1956) almost 20 years before the discovery of 
Thalanga. A line CL in text-fig. 1 through Thalanga to the centre of 
mineralization at Charters Towers runs N58E (true). This direction corresponds 
closely with that of the regional extent of the Charters Towers Lineament shown 
by Hills (1956, Fig. 3). This direction also corresponds with many of the longest 
dykes at Charters Towers (Heidecker 1974, Fig. 2).
(ii) the Thalanga deposit lies with more than coincidental precision upon the 
intersection of the Charters Towers Lineament and the prominent northwesterly 
Thalanga Structure shown in text-fig. 1. Heidecker (1970; 1974) argued that such 
intersections are favourable sites for mineralization.
(iii) the internal structure of the Thalanga deposit corroborates indications of 
lineament control on a regional scale. Lenses of mineralization were shown by
Lineament patterns. A physiographic model (Text-fig. 4) covers part of southeastern 
Queensland in which there are several small, but well-defined gold fields. This model 
shows lineament patterns about gold occurrences which are remarkably similar to 
those of the Burdekin region dealt with above. Again northeasterly lineaments are 
more prominent than might be expected in the Tasman Zone which is dominated by 
meridional trends. The lineament through Grandchester (G in Text-fig. 4) is on strike 
with the Enoggera Goldfield, E, and the Leyburn, Talgai, and Thanes Creek 
Goldfields about F. This is one of several east northeasterly lineaments, with others 
through Stanthorpe (S in Text-fig. 4) and Kilcoy in the Upper Brisbane Valley. The
Gregory and Hartley (1982, Fig. 4) to follow two trends which intersect as an open 
‘V’ in the central mine area. One ore trend is east northeasterly parallel to the 
Charters Towers Lineament, and the other northwesterly parallel to the Thalanga 
Structure.
This experience illustrates scope for assignment of exploration priorities to lineament 
intersections, for example, on structures such as CL or XY in text-fig. 1 and CD and 
EF in text-fig. 3.
Text-fig. 3: A contrast-enhanced image of text-fig. 2, covering northeastern 
Queensland. T is the location of Townsville; CT is the location of Charters Towers; 
TH is the location of Thalanga Mine. AB is the part of the Charters Towers 
Lineament. CD is the direction followed by the Burdekin River, for much of its 
middle course. EF is a prominent northwesterly lineament.
Queensland constructed by A.G.Text-fig. 4: A physiographic model of southeastern
Smith, University of Queensland. E is the Enoggera Goldfield. F is the location of the 
Leyburn, Talgai, and Thane’s Creek Goldfields. G and S are the locations of 
Grandchester and Stanthorpe respectively. HR is a lineament following the Herries 
Range. LR is a lineament along the Logan and Richmond Rivers with extensions 
towards the Enoggera Goldfield at E.
latter is one of the most striking linear discontinuities in the LANDSAT imagery of 
the region which is available presently as a ‘Satellite Map — Moreton Region’, 1983, 
from the Sunmap Centre of the Queensland Department of Mapping and Surveying.
Northwesterly morphostructures, oblique to the Tasman Zone, are also 
prominent as in north Queensland. A northwesterly physiographic lineament follows 
the Herries Range (HR in Text-fig. 4). The Enoggera Goldfield is also dominated by 
northwesterly faults through Kenmore and Brookfield which show up as fine 
topographic alignments about E in text-fig. 4.
Transverse northeasterly fracture patterns are also prominent at major centres 
of gold mineralization in central Queensland. The outstanding instance is Mt. 
Morgan where meridional structures are intersected by a prominent northeasterly 
zone of fracturing. Horton (1978, p. 917) has reviewed structural, LANDSAT, and 
bathymetric evidence for a Mt. Morgan Lineament Zone extending several hundred 
kilometres northeastwards through the mine area.
Lineament modelling. The structural significance at depth of lineaments is a matter 
for further geophysical studies. In this regard, there are encouraging signs that
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patterns of seismicity will prove useful (J.M.W. Rynn pers. com.). Ultimately, a 
good deal will be learnt from deep seismic sounding as proposed for Queensland 
under the LITSAC programme (R.W. Day & C.G. Murray pers. com.). In the 
meantime, interpretations are based on surface observations and tectonic modelling. 
Several interpretative schools have arisen. These include the following which are 
inter-related rather than mutually exclusive:
(i) Global: O’Driscoll (1982) has documented numerous associations between 
mineral and petroleum resources and the intersections of structures parallel to the 
Tasman Zone (north northwesterly to meridional) and transverse structures such as 
described above. In Queensland, O’Driscoll (1982, Fig. 18) has found west 
northwest to northwest lineaments such as CD and EF along the Burdekin River in 
text-fig. 3 to be particularly significant. Such an observation is in itself a valuable 
empirical guide to mineralization. O’Driscoll (ibid, Fig. 1) goes further in seeking 
a fundamental interpretation of such lineaments. In these terms, west 
northwesterly and east northeasterly lineaments are seen to be structures of global 
extent.
(ii) Continental: Hills (1956) pioneered Australian morphotectonic studies with 
maps of the lineament framework of the continent. This framework included 
important east northeasterly elements and displayed “... coherence of the pattern 
of lineaments ... indicative of the fundamental basement”. More recently, Murray 
and Kirkegaard (1978) took this approach in recognising northeasterly trends in 
the Tasman Zone following Proterozoic structural blocks and controlling 
subsequent folding and faulting.
(hi) Plate tectonic: Day et al. (1978) have defined dominant meridional elements 
and provided a basis for tectonic interpretations of the Tasman Zone. 
Subsequently, plate 
structures, including 
These interpretations 
instance, Harrington
structures in northeastern Queensland as rifts generated with migration of a triple­
point junction. Flood and Ferguson (1984) have proposed an equally elegant triple­
point model which is of particular significance in that it places an extensional 
northeasterly structure through the Gympie Goldfield.
(iv) Wrench-fault tectonic: In recent years, wrench-fault tectonics has provided a 
useful interpretative basis for the later history of the Tasman Zone (Evans & 
Roberts 1980; Flood & Ferguson 1984). This approach follows the pioneering 
concepts of Scheibner (1974). Scheibner (ibid, p. 91) recognised east northeasterly 
and west northwesterly major shears across generally meridional trends of the 
Tasman Zone. Heidecker (1974, pp. 114-115) sought an understanding of deep 
structural controls upon four types of lineaments recognised in north Queensland 
through wrench-fault modelling. Central to this modelling was Early Palaeozoic 
development of east northeasterly structures followed initially by rifts and dyke 
swarms and subsequently by intrusions and mineralization. This modelling has 
attempted to fit fractures to master wrench-faulting along various lineament 
directions (e.g. west northwesterly and north northeasterly) with, and without, 
stress re-orientation across master faults. One of the best fits, shown in text-fig. 5, 
is based on sinistral wrench-faulting along prominent easterly structures such as
interpretations have been directed towards transverse 
those prominently developed at centres of mineralization, 
entail sophisticated modelling of triple-point junctions. For 
(1981) has interpreted prominent northeasterly transverse
Text-fig. 5: A wrench fault model for 
Early Palaeozoic structures which are 
followed by lineaments in the goldfields 
of eastern Queensland. AB is a meridional 
suture following the Tasman Zone. CD is 
a sinistral wrench fault, probably the 
extension of a transform fault. EF follows 
extensional structures, including dyke 
swarms and grabens. GH follows folds 
and cleavage, with strike-slip faults along 
IJ and KL.
the Mosgardies Shear Zone in text-fig. 1. Text-fig. 5 models meridional lineaments as 
expressions of deep sutures which follow the Tasman Zone. A meridional suture, AB, 
is shown cut by a sinistral wrench-fault, CD, which trends transversely to AB in a 
likely direction for transform faulting during early development of the Tasman Zone. 
According to the effects of rotation, extensional structures are likely to develop along 
EF in east northeasterly to northeasterly directions, as modelled by Tchalenko (1970) 
and Wilcox et al. (1973). Northwesterly lineaments, GH, are then likely to follow 
folds and cleavage zones, and trends IJ and KL may follow secondary faults 
modelled by Tchalenko (ibid).
Drainage patterns
Placer deposits are widely distributed throughout eastern Queensland. Principal 
centres of production have been the Cape River and Palmer River Goldfields at 1 and 
2 in text-fig. 6. There might seem to be little likelihood of predictable regional 
patterns in complex drainage changes which have led to preservation of productive 
‘leads’. Fortunately, there are indications of morphostructural controls capable of 
providing exploration guidelines.
Best (1962) recognised morphostructural controls upon drainage changes which 
lead to preservation of major tin and gold placers in northeastern Queensland. 
Heidecker (1973) developed arguments that tectonic as well as geomorphic processes 
have modified river systems shown in text-fig. 6. Consequently, there are grounds for 
optimism that research will be able to provide structural guidelines for placer
Text-fig. 6: Modified drainage systems associated with placer deposits in northeastern 
Queensland. Major gold placer deposits have been developed at 1 and 2 along the 
Cape and Palmer Rivers respectively. IJ and KL are linear zones of drainage 
modification. CD and EF are also zones along which drainage has been modified.
exploration. Likely examples of such guidelines are IJ and KL which fit divides and 
zones of drainage modification in text-fig. 6. Research development of these 
guidelines needs to be directed towards areas in which there is overlapping 
geomorphic, structural, and geochronologic data. Such an area is at L on 
morphostructure KL in text-fig. 6. In this area the radiometric ages of basalt flows 
fix changes in drainage patterns. Text-fig. 7 shows a Pliocene channel which 
meandered along a generally northwesterly course. In contrast, the Pleistocene 
channel in text-fig. 8 has markedly linear segments adjusted to a fault KL (the 
Lolworth Fault; Heidecker 1974, Fig. 5) which is parallel to KL in text-fig. 6. These 
observations suggest significant morphostructural events since Pliocene times.
The structural framework for these morphostructural changes influencing placer 
deposits is likely to be complicated by more than one direction of flexing and 
faulting. Maxwell (1968) has presented evidence for northeasterly Cainozoic flexures. 
Heidecker (1973) has also described stream reversals along prominent escarpments 
such as the Harvey Range which trends northwest along CD in text-fig. 6. Practical 
use of such a complex framework will be assisted by development of a 
morphotectonic model for its trends and structural controls. Various candidate 
models will be suggested after review of morphostructures in land surfaces.
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is
Text-fig. 7: The Pliocene channel of the Burdekin River near its junction with the 
Keelbottom River at L in text-fig. 6. The present course of the Burdekin River 
shown dotted.
old land 
Goldham
Land surfaces
Gold is enriched in deep weathering profiles (Mann, 1984) along 
surfaces which are prominent elements of the morphology of Queensland. 
(1953) has reported assays which indicate substantial enrichment in the lower 
weathered zones at the Mt. Coolon gold mine, central Queensland. Kay describes in 
this volume modification of gold mineralization by lateritic weathering. The positions 
of former land surfaces need to be known to guide exploration to enriched zones 
which may underlie impoverished exposures.
Reconstruction of palaeo-surfaces across Queensland’s extensive gold fields is 
not a simple matter. There is a need to separate several types of old surfaces 
recognised by Grimes (1979). In addition, there are indications that palaeo-surfaces 
associated with gold enrichment are complicated by morphostructures which have 
been shaped by tectonism as well as geomorphic processes. The possibilities for 
tectonic complications are strong for land surfaces about centres of gold 
mineralization. These centres commonly lie on lineament structures which are 
sensitive to neotectonism (see above).
Heidecker (1973) contoured remnants of a deeply lateritized surface which 
survives across the Burdekin goldfields and covered by text-fig. 1. Contouring 
revealed substantial relief which is hard to reconcile with the subdued physiography
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Text-fig. 8: The Pleistocene channel of the Burdekin River in the same area as text-fig.
surface which survives as a mesa within 
in text-fig. 7. AB is a tilted surface
Text-fig. 9: Silcrete capping a deeply-weathered 
the Big Bend of the Burdekin River shown 
perpendicular to geopetal structures CD which are stalactitic tubes and rhizoconcretions. 
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of terminal planation surfaces which have suffered lateritization in northern 
Queensland (Grimes 1979).
Outcrops provide supporting evidence for these regional indications that old 
surfaces are complicated by morphostructures. Text-fig. 9 shows silcrete capping a 
deeply-weathered surface which survives as remnants across the Burdekin goldfields. 
The tilt of surfaces AB must be the result of deformation rather than initial slope. 
This is indicated by corresponding tilt of CD, originally vertical, the direction of 
geopetal structures (stalactitic tubes and rhizoconcretions). This tilting might be due 
to non-diastrophic deformation along a low escarpment. However it is part of a 
much larger pattern of tilting and anomalous levels involving the whole of a mesa at 
the centre of the Big Bend in text-fig. 8.
Similarly, numerous minor faults in Pliocene alluvium (Text-fig. 10) might be 
dismissed as products of non-diastrophic deformation. However, this faulting of 
alluvium appears to be localised in regional zones. Furthermore, there are indications 
of similar regional patterns in seismicity (J.M.W. Rynn pers. com.).
These preliminary observations suggest that gold exploration should be guided 
by an appreciation of morphostructures in surfaces controlling gold enrichment and 
river patterns which have determined the distribution of placer deposits.
Text-fig. 10: Faulted, weakly-consolidated alluvium near the Hann Creek bridge to the 
southwest of text-fig. 7,
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warping controlled by an ‘ancient tectonic framework’ which is also followed by 
the Charters Towers Lineament (see above). Grimes (1979) linked a stratigraphic 
sequence of old land surfaces in northern Queensland to episodes of Cainozoic 
warping.
(ii) Block and lineament tectonics: Hills (1956; 1961) has mapped linear patterns in 
a physiographic model of Australia. These patterns follow known faults and 
inferred concealed structures. Hills (ibid.) has proposed a style of block and 
lineament tectonics which entails jostling vertical movements within this 
framework. In some regions the degree of block faulting, warping, and differential 
erosion responsible for escarpments and elevated surfaces is the subject of 
discussion. For instance, Crohn (1979) has argued that block faulting is 
underrated, with respect to warping, as a factor generating the landscape of 
southeastern Australia. In northeastern Queensland, Heidecker (1973) has argued 
for a mix of lineament-controlled block faulting, doming, warping, and 
differential erosion along structures weakened by such movements.
(iii) Continental rifting: Ollier (1982) has argued for early establishment of the 
morphostructural framework of eastern Australia. This framework is seen to be as 
old as Late Cretaceous or Early Tertiary when rifting established the new 
continental margin of eastern Australia. Current landscapes are seen to have 
evolved from that dominant, unique event.
(iv) Passive-margin tectonics: The continental margin of northeastern Queensland 
is much broader than that of the rest of eastern Australia. The dominant offshore 
element, shown in text-fig. 6, is the Coral Sea Plateau which is hachured to show 
that it has a form suggesting subsidence towards the Coral Sea Basin (Heidecker 
1973) in the fashion of passive continental margins adjusting after rifting (Falvey 
& Mutter 1981). Such adjustments (Bott 1971) propagate slowly towards continents 
from rifted margins. The effects of earlier rifting events may have taken until 
Pliocene, or more recent times, to have reached the goldfields of 
Queensland.
(v) ‘Hot spot’ and magma tectonics: Sutherland (1981) linked 
volcanicity to movement of the Australian plate over mantle ‘hot
continent would be expected to suffer doming and faulting along the trail of a ‘hot 
spot’. On the other hand there may be interplay of tectonic and magmatic 
processes as reviewed by Pilger (1982).
(vi) Wrench-fault tectonics: Pliocene earth movements and volcanic activity in 
north Queensland could be a reflection of a major orogeny to the north in New 
Guinea (Day et al. 1983). In contrast, areas to the south, in Australia, are likely to 
suffer torsional disturbances which emanate from an orogen in which there are 
marked variations in collision, subduction, and transcurrent deformation. A model 
interrelating Cainozoic morphostructures on the basis of wrench-fault tectonics is 
shown in text-fig. 11. The effects of wrenching are shown diminishing southwards 
along a meridional master structure AB. Secondary structures are fitted for 
sinistral shear on AB as modelled by Tchalenko (1970), and Wilcox et al. (1973). 
IJ, also in text-fig. 6, is shown at a small angle to AB. Fractures CD and flexures 
EF, in text-fig. 6, are shown obliquely oriented to AB for sinistral shear on that 
master structure.
northeastern
patterns of 
spots’. The
Text-fig. 11: A model interrelating Cainozoic morphostructures on the basis of 
wrench-fault tectonics. The effcts of a sinistral master wrench fault AB are shown 
diminishing southwards. IJ and GH are directions of morphostructures which follow 
deep-seated strike-slip faults. EF is a direction of flexing and CD of extensional 
fracturing which may be followed by escarpments.
CONCLUSIONS
Gold exploration in Queensland can follow morphostructural guides to a broad 
spectrum of deposit types. The availability of these morphostructural guides is 
favoured by Queensland’s geomorphology and tectonics.
More use could be made of lineaments in assigning gold exploration priorities. 
Their use is supported by growing practical experience and new data sources.
There is need to understand morphostructures which can guide exploration for 
less obvious, concealed placer gold deposits. This understanding calls for a 
multidisciplinary research effort involving geomorphology, structural geology, and 
geophysics.
The development of bulk-tonnage surface gold deposits requires location of 
zones of supergene enrichment controlled by old land surfaces. Further study of 
morphostructures is needed to guide reconstructions and interpretations of these 
surfaces.
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THE POTENTIAL FOR GEOPHYSICS IN GOLD EXPLORATION 
IN QUEENSLAND
by R. Murdoch
ABSTRACT. The application of geophysical methods in the search for gold mineralization 
is now recognized as a viable tool in exploration. The emphasis is on how the various 
techniques available can be used as the subsurface “eyes” of the modern exploration geologist. 
The choice of a suitable method depends on the geological environment of the site under 
investigation. Several case histories are cited as examples of particular methods. These include 
the use of geophysical methods in the initial location of prospective geological contacts, 
structural lineation, zones of silicification and other significant geological trends. Second order 
geophysical surveys can be used to select optimum geological environments within selected 
prospective areas for concentration of mineralization.
INTRODUCTION
Geophysics can be the key to optimum siting of drill holes and to providing 
information on the infill geology. Gold itself does not occur in sufficiently large 
concentrations within the earth to be located directly by geophysical means. 
Therefore, the aim of geophysical programmes should be to effectively detect and 
delineate the larger scale geology which may be related to known gold concentrations. 
Two examples of this are:
(a) quartz reef and/or brecciated zones — which are common hosts to primary gold 
mineralization, and
(b) deep leads — where detrital gold has been concentrated in ancient alluvial 
sediments.
Various geophysical methods can be applied to locate the optimum area for the 
concentration of mineralization. Depending on the geological environment, a 
particular method must be chosen to delineate any anomaly that may exist.
GEOPHYSICAL METHODS
There are three general techniques used in gold exploration; potential field, 
seismic refraction and electrical. For these, specific physical principles are involved 
depending on the geological nature of the region under investigation.
Potential field methods
(a) Magnetics: This method is used to map variations in the magnetic properties of 
rocks. On a large scale, magnetics is used to map geology where various 
lithologies in an area have a different assemblage of magnetic minerals. On a 
smaller scale, individual structures or bodies (for example, banded iron 
formations or magnetic masses) can often be readily delineated by this relatively 
low cost technique.
(b) Gravity: This method is used to map density variations within the subsurface
Pap. Dep. Geol. Univ. Qd., 12(1): 51-64, Feb., 1987. 
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rocks. It has applications in mapping alluvial environs, such as buried channels 
or streams, and in the early stages of exploration to assist in regional geological 
mapping.
Seismic refraction method
in
This method has useful applications in determining the depths to flat-lying 
subsurface horizons. The principal use in gold exploration is for bedrock profiling 
alluvial terranes.
Electrical methods
(a) in 
of
(b)
(c)
D.C. resistivity: This method is used to map horizontal and vertical variations 
electrical properties within the subsurface. Due to the relatively small scale 
geological targets in gold exploration and the low cost of this method, it is used 
fairly extensively. The main applications are in the delineation of geological 
contacts, shear or fault zones, zones of silicification and zones of anomalous 
bedrock depth (for example deep leads).
Electromagnetic methods: In general these methods have similar applications to 
those for the resistivity method, in so far as they map variations in the 
properties of the subsurface. Electromagnetic methods tend to highlight 
conductive areas such as shear zones.
Induced polarization (I.P.): This method is used to measure the
polarizability of the subsurface and is basically an exploration technique for 
buried sulphides and graphite. It can be successfully applied in areas where gold 
is expected to be closely associated with pyrite or base metal sulphide 
concentrations.
A summary of the main geophysical methods used in the two broad geological 
classifications for gold mineralization is given in Table 1. The most useful methods
electrical 
the more
electrical
TABLE 1: SUMMARY OF GEOPHYSICAL METHODS APPLICABLE TO GOLD 
MINERALIZATION EXPLORATION
Geophysical Method Quartz reef and/or 
brecciated zones
Deep leads and 
alluvial deposits
Potential Field Methods
Magnetics magnetic bodies 
pyrrhotite 
some geological contacts
fresh basalt areas
Gravity broad channel areas
Seismic Refraction bedrock topography and depths 
in alluvial areas only
Electrical Methods
D.C. Resistivity geological contacts 
shear zones 
cross-cutting structure 
silicification
channel location and geometry 
rough depth of bedrock
Electromagnetics shear zones 
major contacts 
massive sulphides
Induced Polarization location of sulphides
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for gold exploration in quartz reef and/or brecciated zones have proven to be 
electrical, with magnetic methods being important in the geological mapping of 
certain environments. In deep lead, and alluvial situations, the resistivity and seismic 
refraction methods are the most widely used. For areas where thick basalts are 
present, the seismic refraction method is less useful and the magnetic method can, at 
times, be successfully applied.
The most suitable method, or methods, are selected on the basis of the geology 
of the site with particular reference to the geolocial and geophysical parameters 
critical to mineralization. Often the best results are obtained by a combination of 
several methods, as different techniques tend to compliment one another.
THE HISTORY OF GEOPHYSICS IN QUEENSLAND
Although geophysics has been moderately successful in gold exploration in 
Queensland, it has not been directly responsible for any major discoveries. In the 
past decade, many exploration companies have incorporated geophysics in their 
exploration programmes, in an attempt to specifically identify geological target areas.
In most cases, where gold deposits are associated with geological contacts, a 
measureable geophysical contrast has been observed. These indicate the viability of 
applying geophysics to either locate, trace or detail such contacts of interest which do 
not have a surface geological expression. Where other gold deposits are associated 
with either sheared, brecciated or structurally altered zones, it has been shown that 
such zones are normally more electrically conductive than the surrounding rock types. 
An example of this is shown in text-fig. 1 which indicates how such trends can be
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followed from line to line using a variety of electrical methods. Mineralization may 
also be associated with a zone of silicification which will produce a measureable 
resistive anomaly (as shown in Text-fig. 2), 
produces a measureable magnetic response.
and with a banded iron formation which
Text-fig. 2: 
silicification.
Resistive anomaly with mineralization associated with a zone of
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SILICIFIED AND/OR BRECCIATED ZONES
There is scope for geophysics to go beyond the obvious and to assist in the 
more accurate delineation of specific targets within broader geophysical anomalies. In 
addition, the search for progressively deeper targets will require increasingly more 
discriminating geophysical methods. For both of these aspects, electrical methods 
appear to offer the most encouragement. An integral part of any increased 
discrimination is the need to interpret the data in as much detail as possible. As an 
example, consider the resistivity profile presented in text-fig. 3. At first glance, it may 
appear to be noisy. However, the data is reflecting a narrow zone of silicification 
(resistive) either adjacent to, or within, a shear zone which occurs along, or near to, 
the contact of two different igneous rock types.
Text-fig. 3: Resistivity profile across a shear zone or contact
Geophysics cannot directly locate gold mineralization. Often, however, 
geological evidence exists which indicates the zone of mineralization. Consider, for 
example, a shear zone where such mineralization may coincide with either the centre 
of the shear, or on the hanging wall or footwall. Once this has been determined, 
geophysics can be used to examine any prospective shear zone in detail and so assist 
in locating specific targets. For instance, a detailed programme could be undertaken 
to locate areas where cross-cutting fracture zones may have intersected the shear
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Text-fig. 4; Results of a portable electromagnetic resistivity profile (E..M. 34 profile) 
to locate conductive zones associated with rock shearing and brecciation. Drilling 
results also shown. Interpretation of geology based on geological and drilling results 
indicated in lower part of figure.
Text-fig. 5: Detailed geophysics — electromagnetic contours for E.M. 34 survey. 
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thereby providing a situation for the concentration of mineralization. If the 
mineralization in the area is normally associated with, for example, the footwall, then 
the target may be on one particular edge of the area of maximum conductivity.
To illustrate this further, the results of two case histories are shown in text-figs. 
4 and 5. Text-fig. 4 shows an electronmagnetic resistivity (E.M.34) profile through an 
area where shearing and intrusion by ultramafic rocks is common, and where 
extensive drilling has been carried out. The drilling results show that better 
mineralization is associated with the footwall of the shear zones which occur to the 
right of each of the zones of maximum conductivity. Thus, the right side of the 
conductive zones can be mapped in detail and optimum targets for drill-hole
Text-fig. 6: Contour plan — resistivity data. Note that conductors have low resistivity.
Text-fig. 7: Contour plan — resistivity data. Detailed work required for small targets.
evaluation selected. Text-fig. 5 is a contour plan of a detailed E.M. 34 survey along 
part of a prospective geological contact. On one part of the contour plan the 
contours bulge out to reflect an anomaly in the shape of the gradient. This feature 
was found to represent a shear zone cutting the contact and thus is a favourable 
target area for drill-hole evaluation.
The location of such detailed target areas within the broad geophysical anomaly 
requires a second phase of geophysical data collection on a very closely spaced grid. 
The importance of undertaking detailed work is illustrated by text-figs. 6 and 7. The 
resistivity data presented in text-fig. 6 was collected on a 20 x 50 metre grid. There 
is a small 
with Lode 
metre grid 
with Lode 
presented in text-fig. 2. Areas can be seen where the silicification is locally more 
intense (higher resistivity) and has been offset by faulting. In either case, the 
anomalies could represent targets for closer evaluation.
An example of the results of an Electromagnetic Sirotem profile for a case of a 
breccia zone containing gold and disseminated pyrite is shown in text-fig. 8. Such 
electromagnetic methods are very effective for locating areas of maximum 
conductivity in breccia or shear zones which, in many cases, have been found to 
closely reflect the area of maximum mineralization. Text-fig. 9 shows the results of
conductive anomaly associated with Lode 2, but no anomaly associated 
1. However, if the density of data collected was increased to a 10 x 10 
as shown in text-fig. 7, it is clear that a small anomaly is also associated 
1. Consider again the contours generated by the prospective siliceous zone
Electromagnetic Sirotem (T.E.M.) profile of coincidentof anText-fig. 8: Results
loops over a breccia zone. Loops size was 50 m.
an induced polarisation pseudo-section of chargeability and apparent resistivity over a 
similar zone. Measurements of chargeability are very useful in areas where gold 
mineralization is expected to be associated with sulphide mineralization.
DEEP LEADS AND ALLUVIAL DEPOSITS
Geophysics can be useful in the search for, an delineation of, buried stream 
channels and deep leads where surface geological indications are generally obscure. 
The three geophysical techniques commonly used in the exploration for paleo­
drainage are gravity, resistivity and seismic refraction.
The gravity method is used to map broad buried valleys by virtue of the density 
contrast between the thicker channel section, filled with lighter unconsolidated 
materials, and the “host” which is generally a denser basement rock. The usefulness 
of the method is restricted to locating the broad valley rather than specific channels, 
as the size/depth ratios of the latter are often too small for adequate delineation. An 
example of the results of such a profile are shown in text-fig. 10.
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Text-fig. 9: Results of an induced polarization (dipole-dipole) pseudo-section over a 
breccia zone.
Text-fig. 10: Results of gravity profile for a 2-dimensional model of a buried stream 
channel (filed data and model calculations) and drilling data.
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Text-fig. 11: Results of resistivity survey to define channel geometry. Drilling results 
and interpretation also shown.
The resistivity method offers a greater resolution of channel geometry than the 
gravity method. The principle of application of resistivity methods for the 
exploration for deep leads is founded on the contrast in resistivity between resistive 
basement rocks and more conductive alluvial deposits. However, the reverse situation 
can occur, for example, where the basement is a deeply weathered schist or phyllite 
and the channel gravels or overlying basalts are more resistive than the basement 
rock. As a result, the main channel is not always at the position of the lowest 
resistivities (Text-fig. 11). The effect of geological variations in both basement rocks 
and intrabasinal layers on the overall geo-electric pattern must be taken into 
consideration. Using the resistivity method over a series of lines, the channel 
geometry can often be reconstructed and ponds and bars, channel bends, and so 
forth delineated as shown in text-fig. 12. Thus, optimum geomorphological targets 
for test drilling may be selected.
Results of resistivity survey over a series of lines to reconstructText-fig. 12: 
geometry.
channel
The seismic refraction technique is also widely used in the exploration of 
alluvial gold deposits. This method is used to map the seismic velocity contrast 
between the harder bedrock lithologies and the overlying unconsolidated material. 
The advantages of the seismic refraction method lie in deeper areas where channels 
with a smaller size/depth factor can be delineated and more accurate quantitative 
data on the bedrock depth and properties of the overburden can be provided. The 
disadvantages of seismic refraction are evident when the velocity layering of the 
unconsolidated material gives rise to hidden layers of velocity inversions. The latter is 
commonly caused by fresh basalt within the overburden. The method is also subject 
to over statement of depth where the bedrock is deeply weathered. Text-fig. 13 
illustrates how a 5 metre deep channel at a depth of 40 metres was delineated 
(± 10%) by a seismic refraction survey. The data was processed using the generalised 
reciprocal method (G.R.M.), a technique which effectively migrates the data by 
pairing arrival times from separate geophones spaced a distance apart. The final 
result is a more accurate (in depth and resolution) bedrock profile.
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Text-fig. 13: Results of a seismic refraction survey with interpretation and drilling 
results.
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CONCLUSIONS
The key to success in using geophysics in gold exploration can be summarised as 
follows;
(a)
(b)
(c)
(d)
(e)
(f)
(g)
be prepared to use a combination of techniques and to progressively interpret the 
results as the survey proceeds, so that the programme may be progressively 
altered as required to achieve the optimum result. This requires an innovative 
approach to geophysics.
where possible, an initial field feasibility study should be undertaken to determine 
exactly which geophysical methods are going to be useful for locating what 
geological feature, prior to making a heavy commitment to any particular 
programme.
be aware that in many projects two phases of geophysical data collection may be 
required to give the best chance of success with the interpretation. In the initial 
stages of a new project, the two phases should be interspersed by a drilling/ 
excavation programme. For areas where the geology is well documented, it is 
possible to conduct the phases concurrently.
the first stage geophysical survey and drilling should be aimed at resolving the 
broad-scale geology of the area with the second stage programme aimed at 
selecting specific mineralized targets along prospective contacts, shear zones or 
silicified areas.
interpret the geophysics in terms of understanding the geology first. Only then 
develop a worthwhile geological model from the geophysical interpretation and 
give consideration to potential drill sites.
never disregard the importance of the geophysical data collected; it all reflects a 
changing subsurface geology. The art is in interpretation, converting it into 
geological options, and, from these options, testing the alternatives of where gold 
mineralization could be concentrated.
it is a waste of an exploration company’s valued investment to merely dismiss 
any geophysical programme as “not having worked” merely because at times 
contrasts are more subtle than may be desired. All properly planned programmes, 
preceded by effective feasibility studies, will succeed. However, are we up to the 
challenge presented in understanding the information gained, so that we might 
use it to optimum effectiveness?
7?. Murdoch
Murdoch Geosciences
204 Main Road
Maroochydore, Queensland, 4558.
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ISOTOPIC EVIDENCE FOR THE DIVERSE ORIGINS OF GOLD 
MINERALIZATION IN QUEENSLAND
by S.D. Golding, A.F. Wilson, M. Scott, P.K. Anderson, C.L. Waring, M. Flitcroft 
and H.A. Rypkema
ABSTRACT. Hydrothermal gold deposits in the Tasman Orogenic Zone of Queensland 
comprise mainly volcanic-hosted massive sulphide deposits and gold-base metal lodes, 
sediment-hosted gold-quartz reefs and siliceous lodes and fissures in mixed terrane. 6'^0 
quartz values less than 10 per mil characterize the auriferous massive sulphide deposits and 
gold-base metal lodes of the epithermal type formed at low latitude. Very low 5*^0 quartz 
values less than zero per mil are restricted to epithermal deposits formed at high latitude. The 
epithermal deposits reflect meteoric-hydrothermal activity, whereas the volcanogenic ores were 
deposited from seawater-derived pore fluids. 5*^0 quartz values exceeding 10 per mil 
characterize the gold-quartz reefs and gold deposits in mixed terrane where the ore fluids were 
predominantly of deep-seated origin.
The volcanic-hosted gold deposits are surrounded by extensive areas of altered volcanics 
which exhibit anomalous 5'^0 whole rock values. enrichment of the wallrocks
characterizes the gold deposits in mixed terrance because the ore fluids were predominantly 
magmatic in origin. However, carbonate minerals deposited in 
mineralization typically have lower values than associated vein
influx of meteoric water into the hydrothermal system.
Thus, hydrothermal gold deposits in Queensland, of diverse
the later stages of 
quartz because of an
genetic types, exhibit 
distinctive isotope systematics which provide information on the sources of hydrothermal 
fluids. A synthesis of the isotope and other data has important implications for gold 
exploration as it improves our knowledge of the distribution of these deposits.
INTRODUCTION
Significant gold mineralization is not restricted to host rocks of particular age 
or lithology in Queensland. Auriferous deposits in a particular fold belt typically 
display several ore-rock associations and occur in a variety of structural settings 
(Lacy 1974; Knight 1974; Stanton 1974; Murray 1975; Woodall 1979; Golding & 
Wilson 1981). Stable isotope systematics of these deposits are of considerable 
importance as they provide information on the sources of hydrothermal fluids and 
mechanisms responsible for ore deposition.
A research programme, initiated at the University of Queensland in 1978, has 
involved reconnaissance studies of a large number of gold deposits using museum 
samples with detailed studies of deposits where underground or surface access and 
drill core are available. The localities discussed in this paper have been chosen mainly 
because of their historical importance as gold producers, but several smaller deposits 
have been included to emphasize the diverse geochemical character of gold 
mineralization in Queensland; namely, volcanic-hosted deposits of gold-silver at 
Cracow and Ukalunda, and gold-copper at Mt. Morgan; sediment-hosted 
gold-quartz reefs at Gympie and Warwick; and siliceous lodes and fissures in mixed 
terrane at Charters Towers, Etheridge and Kilkivan.
Pap. Dep. Geol. Univ. Qd., 12(1): 65-83, Feb., 1987.
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It should be appreciated that this paper discusses available stable isotope data 
for gold deposits in Queensland and tentatively categorizes their origin. Only 
reconnaissance geologic, geochemical and age data are available for many of the 
deposits, but it is hoped that this paper will stimulate exploration for, and 
documentation of, gold deposits in Queensland.
PROCEDURES
Oxygen for isotope analysis of whole rocks and vein quartz was liberated by 
overnight reaction with BrF5 at 650°C in nickel vessels (Clayton & Mayeda 1963). 
Carbon dioxide was extracted from carbonates by reaction with phosphoric acid in 
glass vessels at 25°C (McCrea 1950). The reaction times were overnight for calcite, 
and 72 hours for ankerite. Ankerite reacts slowly, but the gas collected after 72 hours 
was not significantly different from that collected after longer periods of time up to 
one month (Golding 1982). 6*^0 values of carbonates identified by XRD were 
calculated using acid fractionation factors of 1.01025 for calcite (Sharma & Clayton 
1965) and 1.01098 for ankerite (Becker 1971). All data are reported in per mil relative 
to SMOW (6)80) or PDB (Ö’^C).
The Atlas CH4 O2 reference gas is calibrated against NBS 28 quartz (9.50; 
Matsuhisa 1974). The Micromass 602E CO2 reference gas is calibrated against TKL 1 
and a second standard K2 is measured to check for proportional errors (Blattner & 
Hulston 1978). Scale contraction and *^0 correction (Craig 1957) have been applied 
where applicable. Replicate analyses of our internal standards have standard 
deviations of ± 0.14 and ± 0.08 for silicate and carbonate, respectively.
VOLCANIC-HOSTED DEPOSITS
Epithermal gold-silver and auriferous massive sulphide deposits are important 
types of gold mineralization which are hosted by terrestrial and marine volcanics, 
respectively. The volcanogenic deposits occur in acid to intermediate volcanic 
sequences which are mainly submarine to shallow marine (Lacy 1980; Horton 1987). 
Studies of Tertiary volcanic terranes suggest that epithermal deposits reflect meteoric- 
hydrothermal activity, whereas the volcanogenic ores were deposited from seawater- 
derived pore fluids (Taylor 1979; Ohmoto & Skinner 1983). Exploration for these 
types of deposits in older, deformed and metamorphosed terranes is more difficult 
because of the complex structural setting. In addition, the volcanogenic deposits may 
be geographically associated with later intrusion-related deposits which reflect 
magmatic-hydrothermal activity (Lacy 1980). However, the stable isotope systematics 
of the deposit and its alteration halo are generally preserved (Ripley & Ohmoto 1979; 
Golding & Wilson 1981; Green et al. 1981; Walshe & Solomon 1981; Green et al. 
1983). Isotope data reviewed here distinguish between the genetic types of volcanic- 
hosted gold deposits.
Cracow ore deposits
The Golden Plateau lodes are hosted by the Permian Camboon Andesite and 
comprise siliceous veins, fissures and breccia zones within an east-west zone linking 
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poorly mineralized north-west trending structures (Ranson & Knight 1974). The 
geologic setting, vein assemblages (quartz-adularia-carbonate) and gold to silver ratio 
of about one are similar to well documented epithermal gold-silver veins (Flitcroft 
1980; Golding & Wilson 1984). The Camboon Andesite exhibits propylitic alteration 
throughout the Cracow District, whereas fracture-controlled argillic and phyllic 
alteration are well developed about the lodes.
Previous stable isotope data suggest that the ore fluids were dominated by a 
meteoric water component which was more negative in than modern tropical 
waters (Golding & Wilson 1984). Thus, the fluid in equilibrium with lode quartzes 
(-2.7 ± 0.7; n = 3) has a calculated composition of -12 ± 3 at 250 ± 50°C 
using the quartz-water fractionation of Matsuhisa et al. (1979). The country rocks 
are also depleted in relative to normal volcanic rocks (-0.2 ± 2.6: n=10). 
Calcites from the lode zones have heavier values, from 4.3 to 9.3, compatible 
with their deposition at lower temperatures than the quartzes (Golding & Wilson 
1984). The ö’^O-depleted ore fluids are consistent with meteoric hydrothermal systems 
at high latitude and the inferred position of Australia during the Permian (Smith et 
al. 1981). However, the Camboon Andesite comprises a terrestrial calc-alkaline 
volcanic sequence, and the altitude at the time of formation of the Cracow vein 
system is not established. There is little doubt that the Cracow ore fluids are meteoric 
in origin, although detailed dating of the ores is required to confirm the latitude 
where mineralization took place.
Ukalunda ore deposits
have been distinguished in the Ukalunda 
in granitoids, gold-arsenic and gold-copper 
silver-lead deposits in acid volcanics and 
1984). The Devonian sedimentary rocks are 
Several styles of mineralization 
District; namely, gold-bismuth veins 
veins in metasedimentary rocks and 
sedimentary rocks (Golding «fe Wilson
intruded by Carboniferous granitoids and overlain by Carboniferous volcanics. The 
intrusive complex is mainly granodiorite, but the gold-bismuth veins are hosted by a 
microadamellite having petrologic features common in epizonal intrusions which have 
interacted with meteoric water (Golding & Wilson 1984). Timing relations are not 
well established, and it is possible that acid phases of the complex are genetically 
related to the largely terrestrial volcanics. Thus, the geologic setting is similar to 
Tertiary volcanic-intrusive terranes which host significant epithermal gold-silver-base 
metal deposits.
Golding and Wilson (1984) analysed whole rocks and quartzes from the 
Ukalunda District. The granodiorite which exhibits only minor alteration has a mean 
0*^0 whole rock value of 7.3 ± 0.9 (n = 3) which falls within the normal magmatic 
range (Taylor 1979). In contrast, the pervasively altered microadamellite has a mean 
0'^0 whole rock value of 2.5 ± 1.6 (n = 8). This is suggestive of isotopic exchange 
with ô'^O-depleted fluids. Siliceous volcanic rocks from the Sunbeam silver-lead mine 
are also depleted in (1.9 ± 1.3; n = 3). Epithermal precious metals
mineralization is associated typically with areas of low intrusive and extrusive 
rocks because the water in the ore and alteration fluids is dominantly meteoric in 
origin (O’Neil & Silberman 1974; Taylor 1974; 1979).
The 0'^0 quartz values summarized below clearly distinguish the styles of 
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mineralization and provide evidence for the involvement of depleted ore fluids with a 
significant component of either meteoric or ocean water (Golding & Wilson 1984).
Au-As ore
Shear
Carrington vein
Au-Bi ores
0.7(n = 4)
0.3(n = 4)
1.6(n = 3)
petrologic and stable isotope data that theThese authors concluded from 
gold-arsenic ores, which developed adjacent to the granodiorite, were deposited from 
a magmatic-hydrothermal system, whereas the gold-bismuth ores, hosted by the 
microadamellite, are the product of meteoric-hydrothermal activity. The meteoric 
water composition is poorly constrained as the ores are of probable Carboniferous 
age when Australia was moving rapidly from low to 
1981).
high latitudes (Smith et al.
Mt. Morgan ore deposit
roof pendant of Devonian 
orebody consists of massive
The Mt. Morgan gold-copper deposit is in a 
volcanics within the Mt. Morgan Tonalite. The Main 
sulphide mineralization with a distinctive breccia texture, whereas the Sugarloaf 
orebody is characterized by disseminated and stockwork mineralization with a quartz 
matrix. Ore quartzes exhibit a narrow range of 6'^0 from 8.3 to 9.4 in the Main 
orebody and 7.3 to 8.1 in the Sugarloaf orebody (Golding & Wilson 1981). Fluid 
inclusion studies are consistent with an emplacement temperature of 250 ± 50°C 
(Eadington et al. 1974). The fluid in equilibrium with the quartzes at this temperature 
has a calculated composition of 0 ± 3 which suggests ore fluids of ocean water 
origin (Taylor 1979). Unfortunately, this 5’^0 value is not strictly conclusive as 
meteoric and connate waters may have similar 6’^0 values at low latitude.
Limestone samples from the mine sequence have a mean 6’^0 value of 8.9 ± 
0.5(n = 9), whereas typical Devonian limestones range from 20 to 26 (Golding & 
Wilson 1981). The mean 5*^C value of 0.3 ± 0.3(n = 7) for the limestones is normal 
for marine carbonates. There are no significant differences among the cherts and 
crystal tuffs which also have a mean 6'^0 value of 8.9 ± 0.7(n = 7). Typical marine 
cherts have 6*^0 whole rock values exceeding 27 (Kolodny & Epstein 1976). Intrusive 
rocks which postdate the mineralization have normal magmatic 6*^0 values from 5.7 
to 7.9 (Golding & Wilson 1981). This suggests that the low 6’^0 values of the mine 
sequence reflect interaction with hydrothermal fluids. A recent study of the 
Fukazawa deposit, Japan found similar low 5'^0 whole rock values above and below 
the ore zone and identified patterns of anomalous 6’^0 whole rock values, extending 
more than 3 km from the orebody (Green et al. 1983). Similarity in the 6'^0 values 
of different rock types suggest that alteration and consequent oxygen isotope 
exchange occurred under water-dominated conditions. The isotope data are consistent 
with other studies which indicate that the Mt. Morgan ores were deposited from a 
marine geothermal system (Taube 1986).
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SEDIMENT-HOSTED DEPOSITS
About half of gold production from the Tasman Orogenic Zone has come from 
sediment-hosted gold-quartz reefs with the major part from the Ballarat Trough 
(Woodall 1979). The only major gold deposits of this type in Queensland are at 
Gympie, although minor deposits occur in the Warwick District. These deposits are 
best developed in folded argillites, slates and greywackes, and there is no consistent 
association with igneous intrusions. Several authors have suggested that the gold was 
released from the sedimentary rocks during folding and metamorphism and deposited 
in structural sites (Bowen & Whiting 1975; Whiting & Bowen 1976; Henley et al. 
1976; Boyle 1979). Glasson and Keays (1978) demonstrated that gold was released 
from sedimentary rocks during cleavage development, but they concluded that this 
gold left the system before the development of the quartz reefs.
Gympie ore deposits
The Gympie deposits comprise gold-quartz reefs containing minor pyrite, 
galena and carbonate which transect sedimentary and volcanic rocks of Permian age. 
The 
The 
east
sedimentary rocks consist of greywackes, shales, conglomerates and limestone, 
reefs mainly dip west at low angles, whereas the country rocks dip uniformly 
at about 20° (Text-fig. 1). There are two cross reefs, the Monkland and
Text-fig. 1: Generalized geology of the Gympie town area modified from Rands (1889) 
to show reefs sampled by Golding & Wilson (1981).
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Inglewood, which strike north-west and dip to the south and north, respectively 
(Rands 1889). Gold occurrences at Gympie and in the Ballarat Trough and Hill End 
Rift display similar enrichments where they cut favourable beds such as carbonaceous 
shale (Woodall 1979).
Lode quartzes have a heavy mean 6’^0 value of 15.5 ± 0.9(n=ll) which 
overlaps the range of intrusion-related deposits in mixed terrane (Golding & Wilson 
1981). The Monkland cross reef is indistinguishable isotopically from the other reefs. 
Assuming a reasonable depositional temperature of about 300°C, the calculated 
composition of the hydrothermal fluid is about 9 consistent with magmatic or 
metamorphic fluids (Taylor 1979).
Warwick ore deposits
Auriferous quartz veins in the contiguous Talgai, Thanes Creek and Leyburn 
slates 
phase 
30°C,
Goldfields, west of Warwick, are hosted by volcanolithic greywackes, black 
and cherts of Carboniferous age (Text-fig. 2). Fluid inclusions and mineral 
relations indicate that quartz, arsenopyrite and pyrite were deposited at 350 ±
Text-fig. 2: Geology of the Talgai Goldfield showing reefs sampled for this paper.
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with a calculated ö'^O value at 350 ±
whereas other sulphides were deposited at slightly lower temperatures around 300°C 
(Waring 1981). The oxygen isotopic composition of auriferous quartzes reported 
below indicate a metamorphic fluid reservoir 
30°C of 15 ± 1.
Queenslander 19.5
Monte Christo 20.8
Sultan & Taylor 19.4
Gladstone Claim 20.3
Stable isotope data and timing relations for the quartz reefs suggest a geologic 
model which involved the focused discharge of fluids generated during deformation 
and metamorphism of the sedimentary pile.
DEPOSITS IN MIXED TERRANE
Gold deposits in mixed terrane comprise siliceous lodes and fissures within or 
adjacent to intrusive bodies emplaced at intermediate to great depths. Waters 
involved were mainly magmatic, although meteoric waters and/or connate waters 
were significant in some hydrothermal systems established in the country rocks. 
Breccia and stockwork gold-copper deposits which reflect a porphyry style of 
mineralization should be included in this class of deposit because the ore fluids are 
mainly magmatic in origin.
Charters Towers ore deposits
The only major gold occurrence in granitoid rocks is at Charters Towers, where 
fissure veins are developed in the Lower Devonian Ravenswood Granodiorite 
Complex. The lodes comprise quartz veins and altered granodiorite, and there is a 
progressive decrease in gold values with depth (Levingston 1974). Auriferous quartzes 
from the main line of lode exhibit a systematic variation in 5*®O from 15.7 to 12.2 
with depth, whereas quartzes from the Ladybird mine have a mean 6’^0 value of 
13.9 ± 0.3 (Golding & Wilson 1981). Thermodynamic calculations suggest that the 
Ladybird ore assemblage was deposited from a near neutral solution at about 250°C 
(Rypkema 1978). Thus, the ore fluid has a calculated 5*^0 value of about 5 which is 
reasonably consistent with a magmatic-hydrothermal source (Taylor 1979). The 
depth-dependent range of 5'^0 values for the Charters Towers quartzes corresponds 
to a temperature gradient of about 100°C/km. It is probable, therefore, that the 
concentration of gold in the upper portions of the lode fissures mainly reflects 
decreasing temperature.
Whole rock samples from the Ladybird mine show a systematic increase in 5’^0 
from 7.5 for fresh granodiorite to 10.5 for mineralized granodiorite (Golding & 
Wilson 1981). 5’^0 enrichment of the wallrocks characterizes several gold deposits 
where the ore fluids were of deep-seated origin (Akopyan et al. 1976; Kerrich & Fryer 
1979; Golding 1982; Golding & Wilson 1983).
The stable isotope data in conjunction with the structural data for the Charters 
Towers veins are consistent with a magmatic-hydrothermal origin related to intrusion 
of the late acid phase of the complex (Rypkema 1978; Golding & Wilson 1981).
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Etheridge ore deposits
Although auriferous deposits in the Etheridge Field are hosted mainly by the 
Proterozoic Forsayth Batholith, they are probably of Upper Palaeozoic age (Bain & 
Withnall 1980; Bain 1981). The deposits comprise massive or laminated quartz veins 
with gold to silver ratios mainly less than one and variable base metal contents (Bain 
1981). 5'^0 quartz values given below exhibit a range of values from 10.8 to 15.7 
with a mean of 14.6 ± 1.5(n= 11).
Cumberland 15.7
International 15.4
Spero Meliora 15.7
Dairymaid 15.5
Havelock 10.8
Jubilee Plunger 14.8 ± O.7(n = 3)
Dividend Gully 15.5
Knights of Malta 13.9
New Zealand 14.0
The temperature of quartz emplacement is not established, but a temperature 
about 300°C is not unreasonable for this type of deposit. The value of water in 
equilibrium with the vein quartzes is approximately 8 at this temperature. 
Metamorphic and magmatic waters overlap at this oxygen isotope composition, and it 
is only by considering a large number of these deposits in mixed terrane that we can 
conclude that magmatic water is the dominant fluid type in the hydrothermal 
systems.
Kilkivan ore deposits
and adjacent to the Triassic Black Snake Porphyry, are
Rise and Shine deposit comprises a sulphide-rich quartz 
which transects Palaeozoic metamorphics intruded by
Numerous small gold-bearing deposits in the Kilkivan and adjacent Black Snake 
Plateau regions are similar to many other minor gold deposits in Queensland (Text­
fig. 3). New stable isotope data for the Rise and Shine deposit at Kilkivan, and 
auriferous fissures within 
given in Table 1.
The NNW-trending 
lode with minor calcite
Permo-Triassic granitoids. Chlorite modelling using the method of Walshe and 
Solomon (1981) gave similar temperatures of 270 ± 10°C for hydrothermal chlorites 
from the Rise and Shine, Black Snake and Shamrock mines (Anderson 1982). Vein 
quartzes from the Rise and Shine deposit have a mean 6*^0 value of 15.2 ± 0.2(n = 
6), whereas calcites exhibit a wider range of 6'^0 values with a mean of 11.0 ± 
2.0(n = 5). The calculated ¿*^0 of the water in equilibrium with the vein quartz is 6 ± 
2 at 250 ± 50°C (based on chlorite modelling and mineral paragenesis). This is 
consistent with a magmatic-hydrothermal system, although a metamorphic fluid 
component cannot be excluded (Taylor 1979). In contrast, the calculated 6*^0 of the 
water in equilibrium with the calcite is 3 ± 2 at this temperature using the 
calcite-water fractionation of O’Neil et al. (1969). This difference suggests that the 
fluid depositing calcite late in the mineralization event contained a significant non- 
magmatic component, particularly if the calcite was deposited at a lower temperature 
than the quartz.
Whole rock samples from the Rise and Shine exhibit a range of 6**^0 values
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TABLE 1: STABLE ISOTOPE VALVES FOR THE KILKIVAN AND BLACK SNAKE SUITES
Location Sample
51800/00 SMOW ¿13(20, oc
Whole rock mineral carbonate
Rise and Shine 36/96 greenstone 8.0
36/103 greenstone 7.0
36/104 greenstone 9.6 10.5 -2.4
41/223 vein CAL 9.7 -2.5
41/224 greenstone 12.6
41/228 greenstone 6.3
40/249 greenstone 8.7
vein QTZ 15.3
vein CAL 10.1 -2.3
vein QTZ-CAL 15.0 14.7 -3.9
vein QTZ 15.3
vein QTZ 15.0
vein QTZ 15.6
vein QTZ-CAL 15.1 9.8 -2.5
Tableland vein QTZ-CAL 15.6 8.1 -6.5
Commercial vein QTZ 15.9
New Zealand vein QTZ 12.1
Mariners vein QTZ 13.7
Homeward Bound vein QTZ 12.6
Black Snake vein QTZ 13.2
vein ANK 10.8 -3.5
vein ANK 7.7 -3.5
vein ANK 9.2 - 1.7
vein CAL 7.8 -2.6
30/214 porphyry (1) 8.5
30/302 porphyry (11/111) 9.3
West Black Snake vein QTZ 13.1
Victoria vein QTZ 4.1
NW of Victoria porphyry PLAG 8.3
hydrothermal BIOT 4.5
Shamrock vein ORTH 11.1
vein CHLOR 1 5.2
vein CHLOR 2 4.7
vein CAL 11.1 -6.4
vein ANK 12.0 -2.0
vein ANK 13.7 - 1.6
vein ANK 10.7 - 1.3
vein ANK 10.1 - 1.2
vein ANK 9.7 -2.3
18/148 porphyry (I) 8.5
18/163 hydrothermal SER 10.6
18/169 porphyry (II/lII) 9.3
18/170 porphyry (II) 10.1
18/175 porphyry (11) 11.0
18/180 porphyry (II) 11.6
18/182 porphyry (II) 11.0
19/357 porphyry (I) 8.0
20/99 porphyry (1) 9.4
20/203 vein 9.7
20/245 porphyry (I) 8.6
24/351 hydrothermal CHLOR 5.4
Sl-8 porphyry (I) 9.0
S2-9 porphyry (I) 8.8
S3-10 porphyry (I/III) 9.4
S4-10 porphyry (I/III) 10.0
S9-14 porphyry (I/III) 11.2
S9-16 porphyry (I/III) 10.7
74
Table I continued:
CODE: QTZ Quartz PLAG Plagioclase
CAL Calcite ORTH Orthoclase
ANK Ankerite CHLOR Chlorite
SER Sericite BIOT Biotite
I Potassic alteration
II Sericitic alteration
III Chloritic alteration
Text-fig. 3: Generalized geology of the Black Snake Plateau showing distribution of 
auriferous reefs within, and adjacent to, the Black Snake Diorite Porphyry. Location 
of Rise and Shine Deposit is inset.
75
from 6.3 to 12.6 with a mean of 8.7 ± 2.2(n = 6). The highest 5’^0 whole rock values 
are for samples with abundant carbonate, but all samples are enriched in '^O relative 
to normal basalts. It is probable the the '^O enrichment of the greenstones with 
respect to their igneous precursors reflects both seafloor alteration and subsequent 
intrusion-related hydrothermal activity (Anderson 1982).
ö’^C values of wallrock and vein calcites are similar with a mean of -2.7 ± 
0.7(n = 5). The small range of values suggests that the solution was buffered in 
the oxidized carbon field (Ohmoto & Rye 1979). Thus, the fluid coexisting with 
calcite has a calculated value at 250 ± 50°C of - 1 ± 1 using the calcite-CO2 
fractionation (Ohmoto & Rye 1979). In general, calculated values near zero
show that the CO2 is derived from the dissolution of marine carbonates, rather than 
from igneous sources or the oxidation of reduced carbon. Disseminated carbonate is 
common in the altered submarine lavas which host the Rise and Shine deposit. Thus, 
stable isotope data for vein calcites indicate that the hydrothermal fluid contained a 
substantial connate and/or meteoric component in the later stages of mineralization.
Scott (1983) recognized multiple stage hydrothermal alteration within the Black 
Snake Diorite Porphyry where selectively pervasive potassic alteration is overprinted 
by fracture-controlled sericitic and later chloritic alteration. Biotite geothermometry 
(Beane 1974; Ferry & Spear 1978) indicates a temperature about 400°C for the 
potassic assemblages. In the absence of a precise geothermometer, a temperature 
about 300° C is reasonable for the sericitic assemblages which are commonly 
overprinted by chloritic alteration (270 ± 10°C; Anderson 1982). However, Scott 
(1983) concluded that a cold emplacement model best fitted the structural and 
petrologic data for the intrusion. Thus, the alteration assemblages require an external 
source of hydrothermal fluids, and the quartz lodes which are mainly located about 
the intrusive contact probably reflect selective fracturing.
Whole rock data for alteration assemblages from the vicinity of the Shamrock 
and Black Snake deposits are summarized below.
Potassic
Potassic-chloritic 
Sericitic 
Sericitic-chloritic 
All samples
0.4(n = 7)
0.8(n = 4)
0.6(n = 4)
8.7 ±
10.3 ±
10.9 ± 
9.3(n = 2)
9.7 ± l.l(n=17)
The initial ö’^O value for the porphyry prior to potassic alteration has been taken as 
about 8 from the single value for a fresh plagioclase of 8.3 (Taylor 1979). Potassic 
assemblages characterized by hydrothermal biotite, quartz, orthoclase and sericite are 
not greatly enriched in ’^O relative to the fresh porphyry. Sericitic assemblages which 
comprise sericite, quartz ± feldspars and multiple stage assemblages overprinted by 
chloritic alteration exhibit significant enrichments in *^0 relative to background 
levels. The high 6*^0 values for the latter assemblages are consistent with the 
alteration mineralogy and the falling temperature regime. However, the less 
systematic data for the multiple stage assemplages apparently reflects the intensity of 
chloritic alteration and may indicate a shift in the composition of the hydrothermal 
fluid.
Porphyry-hosted quartz lodes exhibit a range of 6*®O values from 4.1 to 13.7, 
with a mean of 13.2 ± 0.5(n = 4) if the Victoria sample, which has a distinctive light 
value, is excluded. Metamorphic-hosted quartz lodes have a mean value of 14.5
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± 2.1(n = 3). The composition of the coexisting fluid has been calculated at 300 ± 
50°C because the porphyry-hosted quartz lodes are mainly associated with sericite­
quartz alteration and cut by late chlorite-carbonate veins. The calculated 6*^0 values 
of the waters depositing porphyry-hosted quartz (6 ± 2) and metamorphic-hosted 
quartz (8) are within the primary magmatic range. Waters coexisting with 
hydrothermal biotite at about 400°C and hydrothermal sericite at about 300°C are 
also near 7 consistent with a magmatic-hydrothermal system (O’Neil & Taylor 1969; 
Hoernes 1980). The light 6*^0 value for the Victoria quartz requires a substantial 
meteoric component in the coexisting fluid at any geologically reasonable 
temperature. The country rocks of the intrusion are heterogenous, and the Victoria 
deposit is located in that portion of the body emplaced into highly jointed basalts.
The Shamrock deposit is atypically rich in carbonate, and gold is associated 
with veins of orthoclase-chlorite-calcite-tourmaline. Subsequent chlorite-calcite- 
tourmaline have partially replaced earlier orthoclase at 270 ± 10°C based on chlorite 
a 
of
is
modelling (Anderson 1982). The water in equilibrium with the chlorites has 
calculated 6*^0 value at this temperature of 4.5 ± 0.5 which is outside the range 
primary magmatic fluids.
Ankerite is the dominant carbonate phase in the auriferous lodes, and it
mainly associated with chloritic alteration. However, late calcite, tellurides and 
complex sulphides occur as fracture fillings (Scott 1983). Ankerites exhibit a relatively 
narrow range of 6’^0 and 6'^C values with means of 10.5 ± 1.8 and -2.1 ± 0.9, 
respectively. These data do not support major changes in temperature or oxidation 
state during deposition of ankerite. Thus, the fluid coexisting with ankerite has a 
calculated composition at 270 ± 10°C (based on chlorite modelling) of 3 ± 2 for 
0*^0 and -1 ± 1 for assuming that dolomite-fluid fractionations are
applicable to ankerite (O’Neil et al. 1969; Sheppard & Schwarcz 1970). Calculated 
stable isotope values for chlorite-carbonate alteration and veining do suggest a 
significant non-magmatic component in the hydrothermal fluid during the later stage 
of mineralization. ri^ar zero per mil implies a marine carbon source (Ohmoto
& Rye 1979). The calculated ö'^O value cannot be interpreted unambiguously in the 
absence of hydrogen isotope data, but it is compatible with mixing of magmatic and 
meteoric fluid systems.
Calcites from the mineralized lodes commonly exhibit lighter and 6'-^C
values than ankerites. A declining temperature regime alone would cause an increase 
in the 0*^0 and 6’^C carbonate valves (Ohmoto & Rye 1979). Therefore, the lighter 
isotope compositions for calcite must reflect a change in the isotope composition of 
the solution depositing late-stage carbonates. Possible causes of an 6'^0 shift in the 
ore fluid are an increasing proportion of meteoric water or retrograde boiling and 
loss of a CO2-rich phase (Higgins & Kerrich 1982). The ¿'^C values are within the 
range of carbon from many sources and do not distinguish between the above 
mechanisms.
Stable isotope data for alteration and vein assemblages within and adjacent to 
the Black Snake Diorite Porphyry demonstrate the dominance of magmatic- 
hydrothermal fluids during potassic and sericitic alteration and quartz veining, 
whereas chloritic alteration, carbonate veining and the Victoria lode quartz require a 
substantial meteoric component in the hydrothermial system.
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CONCLUSION
Oxygen isotope values for vein minerals from auriferous deposits in Queensland 
exhibit a wide range which reflect the mixing of fluids of diverse origin and a steep 
temperature gradient in the hydrothermal system (Text-fig. 4). 6*^0 quartz values
TONOPAH
COMSTOCK
FINLANDIA
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Text-fig. 4: A compilation of analyses of vein quartzes from auriferous deposits 
from a variety of localities (Taylor 1973; Kamilli & Ohmoto 1977; Casadevall & 
Ohmoto 1977; Sawkins er al. 1979; Kerrich & Fryer 1979. Kerrich 1980; Golding 1982; 
Goiding & Wilson 1981; 1982; 1983; 1984; this paper; Wilson & Golding 1984).
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exceeding 10 characterize those auriferous deposits where the ore fluids were 
predominantly of deep-seated origin (mantle or homogenized crust). 6*^0 quartz 
values less than 10 characterize auriferous massive sulphide deposits and epithermal 
deposits formed at low latitude. Very low quartz values less than zero are
restricted to epithermal deposits formed at high latitude.
6’^0 enrichment of the wallrocks characterizes many gold deposits which have 
formed from magmatic, metamorphic or evolved saline waters (Text-fig. 5). In 
contrast, the gold-base metal deposits associated with terrestrial volcanic centres are 
generally surrounded by an extensive area of altered volcanics which are depleted in 
'^O. The extent of *^0 shift is dependent upon the modal mineralogy, temperature 
and isotopic character of the ore fluids and the fluid-rock ratio. Isotopic similarities 
among diverse host rocks within alteration zones produced by marine or meteoric 
geothermal activity reflect oxygen isotope exchange under water-dominated 
conditions (Taylor 1974; 1979; Green et al. 1983; this study), whereas the fluid-rock 
ratio is generally not high enough in magmatic and metamorphogenic hydrothermal 
systems to effect extensive isotopic homogenization (Taylor 1979; Golding 1982).
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Text-fig. 5: A compilation of 6'^0 analyses of altered igneous host rocks from 
auriferous deposits from a variety of localities (Taylor 1973; Casadevall & Ohmoto 
1977; Sawkins et al. 1979; Kerrich & Fryer 1979; Golding 1982; Golding & Wilson 
1981; 1982; 1983; this paper; Wilson & Golding 1984).
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1)
Carbonate minerals which have been deposited in the later stages of 
mineralization typically have lower 5'^0 values than associated vein quartz, reflecting 
the increasing proportion of meteoric water in the hydrothermal fluid. Carbon 
isotope data indicate that the CO2 was produced by the dissolution of marine 
carbonates and from deep-seated sources.
Thus, hydrothermal gold deposits in Queensland of diverse genetic types exhibit 
the following stable isotope systematics:
VOLCANIC-HOSTED DEPOSITS
a) Gold-base metal lodes
6'80 QUARTZ < 10
5'80 ROCK depletion
b) Disseminated and massive sulphide types
6’80 QUARTZ < 10
Ö'^O ROCK anomalies
SEDIMENT-HOSTED DEPOSITS
0’80 QUARTZ > 10
DEPOSITS IN MIXED TERRANE
5’80 QUARTZ > 10
6’^0 ROCK enrichment
A synthesis of the isotope data with such factors as fluid chemistry, structural setting 
and timing of mineralization has important implications for gold exploration as it 
improves our knowledge of the distribution of these deposits. Stable isotope 
anomalies about certain deposit types also constitute direct exploration targets.
2)
3)
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THE KIDSTON GOLD MINE
by G.I. Wilson
ABSTRACT. Gold mineralization at Kidston occurs in the marginal areas of an oval 
breccia pipe with lateral dimensions of 1300 m x 900 m. The breccia pipe is probably of late 
Palaeozoic age and cuts through mid-Proterozoic metamorphics and granite host rocks. It is 
steep-sided and contains a number of intergradational breccia types. Fragmentation is variable 
and fragment/matrix relationships are of economic significance as much of the gold is matrix 
hosted.
The mineralized zone is up to 200 m wide with a known vertical range of over 300 m. 
Gold is in association with a low-sulphide system with most of the gold occurring as free gold 
and with only a small submicroscopic remainder contained in pyrite and arsenopyrite.
The deposit has been explored by Placer Austex Pty Ltd (now Kidston Gold Mines Ltd) 
since 1978. It is being placed into production with start up scheduled for April 1985. Plant is 
designed to treat 7500 tpd of 
reserves stand at 38.5 million 
open pit.
fresh ore with a higher initial throughput of oxidised ore. Ore 
tonnes grading 1.77 g/t gold and 2.11 g/t silver all mineable by
G.I. Wilson
Placer Exploration Ltd.
1 Alfred Street
Circular Quay, New South Wales, 2000.
Pap. Dep. Geol. Univ. Qd., 12(1); 84-84, Feb., 1987.
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MT. RAWDON: EXPLORATION OF A BULK LOW-GRADE 
GOLD DEPOSIT
by R.A. Cayzer and J.F. Leckie
ABSTRACT. The Mt. Rawdon gold deposit, near Mt. Perry in southeast Queensland, has 
been controlled by Samantha Exploration N.L./Samson Exploration N.L. since 1979 and has 
been the subject of joint ventures with Getty Oil Development Co. Ltd., Newmont Holdings 
Pty. Ltd., Placer Pacific Pty. Ltd., and now BHP Minerals Ltd.
Disseminated and stockwork-controlled gold-silver and minor base metal mineralization 
form a pipe-like body associated with hydrothermally altered, acid to intermediate pyroclastic 
rocks which are probably related to the Upper Triassic Aranbanga Beds. The deposit is 
partially surrounded by Permo-Carboniferous metasedimentary and volcanic rocks. Triassic 
and Permo-Triassic granitoid intrusions occur in the vicinity. Exploration has involved 
mapping, stream sediment geochemistry, soil and rock geochemistry, geophysics (induced 
polarization, magnetics, radiometrics), and percussion and diamond drilling.
Early reserve figures were calculated as approximately 20 million tonnes at 1.3g/t Au 
(0.5g/t cut off) and 12 million tonnes at 1.7g/t Au (l.Og/t cut off). Subsequent drilling has 
substantially increased tonnages but has not significantly revised grade estimates. Insufficient 
definitive data are available to develop an unequivocal theoretical model for the deposit.
INTRODUCTION
In 1979, Samantha Exploration N.L. and Samson Exploration N.L. entered into 
an agreement with local leaseholders to explore the Mt. Rawdon gold deposit. The 
paper describes the deposit and the exploration techniques used to outline the gold 
mineralization.
The area is located in southeast Queensland, approximately 60 km southwest 
Bundaberg and 260 km north-northwest of Brisbane (Text-fig. 1). It is centred 
latitude 25°26'20" and longitude 151°45'45". Topographically, Mt. Rawdon is 
isolated peak (256 m ASL) with several projecting spurs, providing local relief 
approximately 110 m. Plate 1, fig. 1 is a view of the hill, looking towards the 
southeast.
of 
on 
an 
of
HISTORY
Gold was discovered at Mt. Rawdon in 1946 by a local prospector, Mr. C. St. 
John. Small-scale alluvial mining was initially carried out, with hard rock mining 
commencing in 1950 at two locations on the hill. One of these, the Sunrise open cut, 
is shown in Plate 1, fig. 2. By the time mining ceased in 1953, 4.45 kg of gold had 
been recovered from 758 tonnes of rock.
In 1969, during the course of a search for porphyry copper mineralization in 
Eastern Queensland, Noranda Australia Ltd. briefly examined the area. A 
hydrothermally altered zone (525m x 260 m) was mapped and sampled (Sharp 1970).
Several Mining Lease Applications were filed in 1978 by Mr. C. St. John, the
Pap. Dep. Geol. Univ. Qd., 12(1): 85-99, Feb., 1987.
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Text-fig. 1: Location map — Mt. Rawdon.
son of the discoverer, in partnership with the land owner, Mr. R. Briggs.
Subsequent exploration work was carried out by the leaseholders, the Geological 
Survey of Queensland (Horton et al. 1980), Samantha Exploration N.L., Getty Oil 
Development Co. Ltd. (Hamilton & Ley 1980; Jones 1980a; b), Newmont Holdings 
Pty. Ltd. (Keevers & Chamberlain 1980), and Placer Pacific Pty. Ltd. (Lee & 
Stephenson 1981). Samantha completed the purchase of the Mt. Rawdon Mining 
Leases from the Briggs/St. John Syndicate in 1982.
An agreement has recently been finalized with BHP Minerals Ltd. whereby a 
comprehensive regional exploration programme, together with additional detailed 
work on the deposit, will be undertaken.
PLATE 1
Plate 1
Fig. 1: View of Mt. Rawdon looking towards the southeast.
Fig. 2: Old workings — Sunrise open cut.
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REGIONAL GEOLOGY
A simplified regional geological map is presented in text-fig. 2. Mt. Rawdon is 
located in Mesozoic rocks of the New England Fold Belt within the Tasman 
Geosyncline. Locally, the Perry Fault forms part of a prominent north-northwest 
trending lineament traceable over a distance of more than 150 km and marks the 
western boundary of the Biggenden Block, the host structural element of the deposit 
(Ellis 1968). In the area, the Biggenden Block comprises a sequence of folded and 
steeply-dipping sedimentary and volcanic rocks (the Goodnight Beds), intruded by 
Permo-Triassic and Triassic granitoids. These rocks are unconformably overlain by 
the flatly-dipping Upper Triassic Aranbanga Beds which, in the vicinity, comprise 
rhyolitic, dacitic, and trachytic flows and intrusions, and acid to intermediate 
pyroclastic rocks.
GEOLOGY OF THE DEPOSIT
The dominant rock type (Text-fig. 3), and main host to the gold mineralization 
at Mt. Rawdon, is a rhyolitic vitric crystal lithic lapilli tuff (assigned the field name
Text. fig. 2: Regional geology — Mt. Rawdon area.
Text-fig. 3: Prospect geology — Mt. Rawdon.
of “agglomerate”, Plate 2, fig. 1) belonging to the Aranbanga Beds. Clasts are 
mainly rhyolite with lesser amounts of dacite, andesite, and trachyte, and their 
related porphyries. Fragments of metasedimentary rocks and granitoids are 
uncommon, except near the northern contact with the Goodnight Beds where they 
predominate. Whilst rounding is not uncommon, most clasts are angular with an 
average diameter of 1 cm, and a maximum of 20 cm. Graded bedding has been noted 
in drill core.
Field relationships suggest that the agglomerate postdates a dacite porphyry 
intrusive (Plate 2, fig. 2) mapped in the southeast of the area. In the drill core, the 
agglomerate has been divided into three recognisable gradational types —
90
PLATE 2
Plate 2
Fig. 1: Core sample — agglomerate.
Fig. 2: Core sample — dacite porphyry. 
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agglomerate, dacitic agglomerate, and fragmental dacite. However, attempts at 
correlating intersections of these types were rarely successful. Despite extensive 
drilling, the shape of the agglomerate body has not been fully defined. However, it is 
known to extend to depths of at least 400 m, suggesting that it may be pipe-like in 
shape. Agglomerate has also been mapped to the northwest and southwest of Mt. 
Rawdon, but the relationship between these extensions and the area drilled has yet to 
be determined.
Four parallel post-gold mineralization felsite dykes (Plate 3, fig. 1) intrude the 
agglomerate pile and, in the upper part of the deposit, dip 20° to the north. Three of 
these dykes are shown in a typical section in text-fig. 4. A distinctive trachyandesite
Text-fig. 4: Drill cross section 2050E — Mt. Rawdon.
PLATE 3
Plate 3
Fig. 1; Core sample — felsite.
Fig. 2: Core sample — showing chlorite alteration in agglomerate.
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dyke (characterised by pink orthoclase phenocrysts), and 
hornblende porphyry dyke, occur below the felsite dykes, with 
dips to the northeast and northwest respectively.
Irregular pre-gold mineralization dacite and andesite
a quartz 
interpreted
feldspar 
shallow
occur. 
Intersections of these in the drill holes cannot be correlated with confidence; some 
are known to be vertical.
Mapping and drilling at Mt. Rawdon indicate that faulting is uncommon. 
Evidence of sheeting and rebrecciation has been recognized by a study group from 
James Cook University (Townsville); work by the group is continuing.
dykes also
GOLD MINERALIZATION
Drilling and mapping show that the body of gold mineralization forms an 
apically-inverted cone, oval in plan view. The apex is truncated at a depth of 270 m. 
Maximum dimensions in the horizontal plane are 350 m x 250 m. The peak of Mt. 
Rawdon lies within, and close to, the northern boundary of the gold mineralization.
Gold mineralization is associated with disseminated pyrite and other sulphides 
which appear to occupy the same zone. 1-2% pyrite by volume is typical of the gold 
mineralized zone, but amounts of up to 6% have been encountered. Trace amounts 
of pyrite extend well outside the gold zone.
In drill core, gold occurs in the native state and as electrum closely associated 
with sphalerite, galena, chalcopyrite, bornite, arsenopyrite, and pyrrhotite.
Pyrite, gold, and sphalerite in particular, are disseminated within the originally 
porous agglomerate as well as occurring in a stockwork of veinlets. The gold-bearing 
veinlets are up to 1 cm in thickness and are characterised by 3 mm pyrite cubes. 
Ankerite is the accompanying gangue mineral. A series of non gold-bearing 
calcite-pyrite veinlets occur throughout the agglomerate and dacite porphyry. It has 
not been possible to determine a paragenetic sequence for the mineralization.
Geochemically, zinc forms a halo around the gold zone, but zinc patches also 
occur within the deposit. Copper and silver show the most consistent correlations 
with gold. Lead and arsenic are highly irregular in distribution.
An isolated high-grade gold zone was intersected in a drill hole collared at grid 
position 600N, 2000E. The form and extent of this mineralization is yet to be 
defined.
Gold in the deposit is not macroscopically visible. Polished section and 
metallurgical studies suggest that the gold size is approximately 20 microns. However, 
relatively coarse gold can be panned from the streams draining Mt. Rawdon. It is 
therefore probable that accretionary processes have acted during surface transport of 
gold.
Alteration in the mineralized zone is characterised by pyrite, sericite, and clay 
minerals with minor patchy silicification, carbonatization, and chloritization (Plate 3, 
fig. 2). Silicification may be more important than is apparent because of the 
difficulty in determining whether the silicification of many individual clasts is 
original, or due to later mineralizing events. The trachyandesite and felsite dykes 
show alteration unrelated to these events. At surface, alteration is difficult to 
differentiate because of intense leaching to depths only occasionally exceeding 20 m.
Plates 4, fig. 1 and 4, fig. 2 show typical outcrops of agglomerate and felsite 
respectively.
PLATE 4
Plate 4
Fig. 1: Outcrop — agglomerate.
Fig. 2: Outcrop — felsite dyke.
95
EXPLORATION TECHNIQUES
Stream sediment geochemistry
The most useful elements for detecting the Mt. Rawdon mineralization in 
stream sediments are copper, lead, zinc, arsenic and gold. Zinc and, to a lesser 
degree, arsenic display dispersion trains of at least 1.5 km, rendering them suitable 
for regional exploration work, with copper and lead being more suited to detailed 
follow-up investigations. Using appropriate analytical techniques, anomalous gold 
values can be detected at distances of up to 5 km from Mt. Rawdon.
The - 80 mesh fraction was found to produce satisfactory results for all 
elements. The behaviour of the heavy mineral fraction was also studied in an 
orientation programme. Although it was determined that the method is applicable in 
the area, it was concluded that no particular advantage was gained for the increased 
time and expense involved. Plate 5, fig. 1 shows a typical stream sediment sample 
location.
Soil geochemistry
Orientation work showed that metal values varied little in the soil profile and in 
a 50
with 
ppm
the size fraction sampled. During the main programme, samples were taken on 
m square grid from a depth of 20 cm and seived to -80 mesh prior to analysis.
The 0.1 ppm, and particularly the 1 ppm, gold contours coincide closely 
the mineralized zone as defined by subsequent drilling. Analyses of up to 6.6 
gold have been obtained from soil samples. Text-fig. 5 shows the relationships of the 
0.1 ppm, 60 ppm, 100 ppm, 300 ppm, and 50 ppm contours of gold, copper, lead, 
zinc, and arsenic respectively to the 1 ppm gold contour. Copper is distinctly 
anomalous over the prospect area, with values ranging up to 270 ppm over a 
background of approximately 10 ppm. Copper shows an inconsistent correlation with 
gold. Lead ranges up to 840 ppm, but anomalous values are generally in the range of 
200 ppm over a background of 25 ppm. The correlation with gold is poor. Zinc 
forms an incomplete halo to the gold distribution pattern, as shown by the 300 ppm 
contour. Assays range up to 7000 ppm over a background of 30 ppm. Arsenic values 
(up to 200 ppm over a background of 5 ppm) are distinctly anomalous over most of 
the mineralized area and well beyond, particularly to the north and west. 
Molybdenum, mercury, and silver did not produce recognisable distribution patterns.
Rock geochemistry
Rock chip sampling and a comprehensive channel sampling programme along 
roads and costeans have shown that there is surface depletion of gold. Although 
values up to 6 ppm over 3 m can be obtained, surface analyses in the central zone of 
gold mineralization average +0.5 ppm. Generally improved grades are obtained in 
drill holes below a depth of about 10 m. No sub-surface supergene enrichment of 
gold is discernible.
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PLATE 5
Plate 5
Fig. 1; Typical stream sediment sample location.
Text-fig. 5: Soil geochemical contours — Mt. Rawdon.
Geophysics
An induced polarization survey has been carried out over the general area of the 
deposit. Ten lines of time domain I.P. were run using 100 m dipole-dipole arrays. 
Three lines were run in an E-W direction and the remainder N-S. The mineralized 
zone showed as a distinct I.P. anomaly. Other anomalies generated from a 
reinterpretation of the original data are yet to be tested.
Radiometric work was undertaken with the aim of defining areas of potassium 
(K) metasomatism, with associated gold mineralization, as field mapping had not 
been totally reliable in delineating areas of such alteration. As anticipated, uranium, 
thorium, and total count results were not useful. However, the mineralized area 
shows definite K-anomalous levels on a broad basis. Anomalies outside this area can 
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be attributed to felsite intrusive. In detail, the K readings in the central area cannot 
be correlated with surface geological features or with gold assays, including the 
channel samples. Drill holes collared in locations covered by some of the more 
intense anomalies did not show any increase in gold grades.
A regional aeromagnetic survey is scheduled for the near future.
Drilling
To date, a total of 73 holes (aggregate depth 9070 m) comprising 49 percussion 
holes for a total of 5434 m and 24 diamond holes for 3636 m have been completed. 
Of this total, 68 holes have been vertical, with 66 of these located on a regular grid 
pattern within the main prospect area. Most holes are collared on 50 m centres with a 
number of 100 m intervals yet to be filled in.
Generally, cores were sawn or split and logged on site with the following 
features being recorded: core size, core recovery. Rock Quality Designation (RQD) 
index, specific gravity, rock hardness, degree of weathering, intensity and type of 
alteration, type of sulphide mineralization, an estimate of the total sulphides present, 
relative proportions of sulphides occurring in veins or as disseminations, a record of 
the width and angle to core axis of each fracture, and the nature of the fracture fill. 
For the agglomerate, the relative degree of sorting and packing, the maximum 
fragment size in a particular sample interval, and the percentage of clasts greater than 
10 mm in diameter in the same interval were recorded.
Core size was predominantly NQ, decreasing to BY in four deep holes (to 470 
m) drilled by Samantha. Recovery was generally excellent from the surface, with 
cementing only occasionally being necessary. Sample intervals were 2 m, except in the 
Newmont work, where 1 m intervals were used. All diamond core has been analysed 
for copper, lead, zinc, arsenic, silver, and gold. For most of the percussion holes, 
analyses have been carried out for gold only.
GENESIS OF THE MINERALIZATION
The gold mineralization occurs in rocks of Upper Triassic age and is clearly 
associated with pyrite and partially surrounded by a base metal halo, particularly 
zinc. The body has the geometric form of an inverted cone with a flattened apex. 
Although more study is warranted, these features suggest that the deposit is related to 
upward moving hydrothermal fluids.
RESERVES
Presently estimated reserves are 12 million tonnes at 1.7 g/t gold with a 1 g/t 
cut off, or 20 million tonnes at 1.3 g/t gold with a 0.5 g/t cut off. The silver grade is 
4-5 g/t. The mineralized zone is open, and there is significant potential for increasing 
tonnage and grade.
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THE GEOLOGY OF THE RED DOME DEPOSIT
by H. Karjalainen, M. Erceg and P.J. Joyce
ABSTRACT. The Red Dome gold deposit is located within a sequence of reef limestones, 
sandstones, cherts and minor basic volcanics of the Siluro-Devonian Chillagoe Formation. 
Primary gold-copper-silver mineralization occurs in quartz stockworks, and 
garnet-wollastonite-idocrase diopside/hedenbergite endo- and exoskarns developed at the 
contacts with intrusive Permo-Carboniferous quartz-feldspar porphyritic rhyolite dykes. 
Secondary copper and gold mineralization is disseminated in an overlying structurally 
controlled collapse breccia developed on the limestone and calc-silicate skarn.
INTRODUCTION
The Red Dome gold deposit is located within the Chillagoe mining district near 
the old mining town of Mungana approximately 160 kilometres west of Cairns in 
north Queensland (Text-fig. 1).
Text-fig. 1: Location map of the Red Dome deposit.
From 1880 to 1930, the Chillagoe district was a major producer of lead, silver 
and copper, mined from skarn-type deposits associated with Carboniferous 
grandiorite batholiths. Intermittent exploration since 1930 has concentrated on base 
metals, tin and silver. In 1976 Amoco Minerals Australia Company commenced 
exploration with emphasis on gold. A moderate-sized resource grading 2 g/t gold, 
0.5% copper and 9 g/t silver was delineated by drilling from 1978 to 1983 at Red 
Dome. The mineralization is related to the intrusion of Carboniferous 
quartz-feldspar porphyritic rhyolite dykes into Siluro-Devonian Chillagoe Formation 
sedimentary rocks.
Pap. Dep. Geol. Univ. Qd., 12(1): 100-109, Feb., 1987.
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REGIONAL geology
The Red Dome prospect lies on the western flank of the Siluro-Devonian 
Hodgkinson Province of the Paleozoic Tasman Geosyncline. The Parmerville Fault, a 
major northwest-trending structural feature, separates this province from the Archean 
Dargalong Metamorphics to the west (Text-fig. 2). The Dargalong Metamorphics are 
dominated by mica schist, gneiss, quartzite and amphibplite. Three formations of the 
Hodgkinson Province (Uitcfop in the district. Moving east from the Palmerville Fault 
they are; the Upper Sdtkian to Lower Devonian Chillagoe and Mount Gàrnet 
Formations and the Mid-Devonian Hodgkinson Formation.
The main lithologies of the northwest-trending Chillagoe Formation are 
fossiliferous limestones, cherts, arkosic sandstones, quartzite and minor basic 
volcanic rocks. These are interpreted as being shallow marine in origin whereas the 
more clastic-rich sedimentary rocks of the Mount Garnet, and flysch-like sedimentary 
rocks of the Hodgkinson, Formations are thought to represent progressively deeper 
marine conditions to the east.
A suite of Permo-Carboniferous granitoids (Elizabeth Creek and Almanden 
Granites) and intermediate to acid porphyries intruded the older rocks in the district. 
Concomitant with these intrusives, extensive volcanism occurred yielding acid lavas 
and pyroclastic rocks. Much of the skarn and massive sulphide mineralization in the 
district formed at this time.
The erosional remnants of probably once extensive Mesozoic sedimentary rocks 
of sandstone, grit, conglomerate and shale now form mesas to the north and west of 
Chillagoe. Minor Mesozoic deposits are also preserved at Red Dome.
Text-fig. 2: Regional geological map of the Red Dome deposit area.
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STRUCTURE
The main structural feature within the district is the Palmerville Fault, 
extending over 600 kilometres from Halifax Bay in the south to Princess Charlotte 
Bay in the north. Reverse and normal displacements have occurred along the fault, 
probably from Silurian to Cainozoic times (de Keyser & Lucas 1968).
Pre-Carboniferous units have been tightly folded producing the regional 
northwesterly to northerly strike and generally steep dips within the Chillagoe and 
Mount Garnet Formations.
MINERALIZATION
Most of the economic mineralization within the Chillagoe district is related to 
the intrusion of Permo-Carboniferous acid intrusives. Calc-silicate skarns have 
formed at contracts with calcareous units of the Chillagoe Formation. Generally two 
types of mineralized skarn can be recognized by metal associations. The first type is a 
Cu-Pb-Zn-Ag ± Sn ± Co ± Cd ± Bi association while the second type contains 
Cu ± Ag ± Au mineralization. Several massive Pb-Zn-Ag-Cu sulphide deposits 
occur as pipe-like bodies in skarns or adjacent limestone horizons.
RED DOME GEOLOGY
Stratigraphy and lithology
Siluro-Devonian sedimentary and volcanic rocks of the Chillagoe Formation 
constitute the oldest rocks at Red Dome and consist of limestone, marble, 
sandstones, chert and andesitic volcanics (Text-fig. 3). Unmetamorphosed limestones
Text-fig. 3: Geological map of the Red Dome deposit.
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are frequently fossiliferous with locally abundant crinoid, coral, brachiopod and 
gastropod fragments. Limestones are usually intercalated with sandstones and 
massive-to well-bedded cherts, and form lensoidal bodies within the sequence. This is 
consistent with them being interpreted as reef structures formed in a shallow marine 
environment.
Sandstones are of variable mineralogy and grain size with the most common 
being a quartzo-feldspathic, medium-grained to gritty, poorly-bedded variety. Thinly 
well-bedded, fine-grained units also exist.
Andesitic and basaltic volcanics are a minor component of the sequence and 
form a single unit with a true thickness of approximately 50 metres. Minor flow- 
banded rhyolitic material has also been recognized within the andesites.
Porphyritic acid to intermediate igneous rocks intrude the Chillagoe Formation. 
Gold and copper mineralization is related to quartz feldspar porphyry intrusives 
(Text-figs. 4 & 5), which have been dated as Carboniferous (Webb 1981). The 
intrusives form narrow sub-vertical dykes (Text-fig. 6) or plug-like bodies. Rhyolite 
breccias and quartz diorite dykes are less common. Skarn, quartz stockwork and 
hydrothermal alteration is developed in the host and intrusive rocks.
A variety of mineralized ferruginous oxidized breccias occur to a depth of 200 
metres. The breccias are poorly sorted, consist of angular to subrounded clasts of 
both mineralized and unmineralized lithologies, including skarn, porphyry, sandstone 
and chert in a sandy ferruginous clayey matrix. Dominant clast and matrix 
compositions usually indicate the nearest lithology.
The breccias are believed to be structurally controlled and formed by collapse 
due to dissolution of marble and interstitial calcite in skarn. Oxidation of sulphides
Text-fig. 4: Geological plan of the 170 Level showing the ■+-1 g/t gold distribution 
relative to rhyolite porphyry.
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Text-fig. 5: Representative sections of diamond drill core showing: Top-gold 
mineralized quartz-chlorite stockworked quartz feldspar porphyry with 
wollastonite-garnet skarn invasion postdating stockworking; Middle-gold mineralized 
quartz-chlorite stockworked quartz feldspar-porphyry; and Bottom-gold mineralized 
quartz-chlorite stockworked porphyry with garnet-calcite skarn postdating 
stockworking.
may have contributed to this collapse. These breccias formed prior to the deposition 
of overlying Mesozoic sediments. Sorting has occurred in some areas probably due to 
development of ground water channel ways. Soft sediment slump features are also 
common.
Mesozoic grits, sandstone, shale and chert breccias now form isolated erosional 
remnants which are scattered over the Red Dome area.
Structure
Strata of the Chillagoe Formation generally strike northwest-southeast and are 
folded about two parallel axes into an assymetric syncline and anticline to the 
northeast and southwest respectively. On a local scale, cherts and well-bedded 
sandstones have undergone severe compressional folding with small-scale isoclinal 
folds and shearing common. In the vicinity of the acid porphyries, the pre-intrusive 
structure has been complexly disrupted making interpretation difficult. The 
porphyries are not folded.
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Text-fig. 6: Representative geological cross section illustrating the narrow sub-vertical 
form of the rhyolite porphyry dykes and/or plugs and the close association of the gold 
zone to the porphyry.
Two major fault trends predominate and are related to the Palmerville Fault 
which lies one kilometre to the southwest and constitutes the major structural feature 
of the district.
The first trend consists of a series of at least three north to northeast striking 
and steeply dipping faults which subdivide the prospect into four separate portions. 
Displacements are unknown due to a lack of suitable markers. These faults may have 
had several episodes of movement with the most recent movement post-dating the 
mineralizing events (Text-fig. 3). The second trend is parallel to the Palmerville Fault 
with the faults displaying wide zones of shearing. These were active during or after 
the Mesozoic as disrupted Mesozoic grits and conglomerates are in fault contact with 
the older andesites. This second northwest structural trend appears to be important in 
the localization and distribution of the intrusive rocks and related 
Red Dome.
mineralization at
Hydrothermal Alteration
at Red Dome is 
fluids and the
The type and spatial distribution of hydrothermal alteration 
largely dependent upon the composition of the hydrothermal 
chemistry, permeability, porosity and proximity of host lithologies to the porphyritic 
acid intrusives. The hydrothermal alteration assemblages have been divided into two 
classes, prograde and retrograde. Prograde alteration refers to those assemblages 
developed due to an outward migration of the thermochemical gradient and 
retrograde alteration relates to the receding thermochemical gradient.
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1.
2.
Prograde alteration. Conversion of limestone to a coarse marble and the development 
of a calc-silicate skarn at acid porphyry and sedimentary contacts is the most wide­
spread alteration product. Various prograde skarns can be recognized:
Unmineralized, coarse-grained garnet-wollastonite-idocrase-calcite skarn occurs 
along the contact between andesitic (Text-fig. 3), and Chillagoe Formation 
sedimentary, rocks and was produced by fluids derived from acid porphyritic 
intrusives at depth. Minor skarn veining also occurs within the andesite. 
Andradite-diopside/hedenbergite-wollastonite-idocrase endo- and exoskarns 
occur as massive replacements or ptygmatic veins (Text-fig. 7). These are generally 
mineralized and are associated with quartz feldspar porphyritic rhyolite (Text-fig. 
6).
Massive garnet-magnetite-calcite-diopside-pyrite-fluorite-chalcopyrite skarn is 
less common and contains only minor gold mineralization. This skarn was 
probably produced by the acid porphyry.
Within the rhyolite porphyries, an early phase of K-feldspathization and 
pervasive silicification occurs (Curtis 1983) followed by extensive quartz ± chlorite 
vein stockworking contemporaneous with, or predating, prograde calc-silicate 
3.
Text-fig. 
mineralized 
disseminated 
with chlorite alteration along fractures containing minor chalcocite.
Representative section.s of diamond drill core showing: Top-gold 
quartz-chlorite-actinolite-wollastonite-garnet skarn with trace 
chalcocite; and Bottom-gold mineralized diopside-quartz-garnet skarn
7:
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veining. The quartz veining affected both porphyry and sandstone. Higher 
permeability and porosity in the sandstone allowed a wider dispersal of quartz 
veining and pervasive clay-sericite (argillic) alteration.
Quartz veining was followed by re-fracturing and introduction of 
diopside-wollastonite-garnet skarn veins now retrogressed to tremolite, actinolite and 
calcite. These veins are usually located in porphyry or earlier-formed massive skarns. 
Localized quartz-sericite-pyrite alteration of porphyry appears to follow skarn 
veining. This alteration is pervasive and contains up to 5% pyrite. Late-stage 
chlorite-calcite veining overprints quartz stockworking and skarn veining. 
Chlorite-calcite veining is post-dated by minor calcite-sphalerite-galena base metal 
veining which is shear controlled.
The cherts to the south appear to have provided a relatively impermeable 
barrier to the hydrothermal fluids as only minor quartz veining and silicification of 
chert occurs at the contact with altered sandstone.
Retrograde alteration. The primary skarn minerals, garnet, wollastonite, diopside and 
vesuvianite have undergone varying degrees of retrograde alteration and are 
frequently replaced by tremolite/actinolite, clinozoisite, epidote, quartz and 
carbonate. These, in turn, are variably altered to chlorite, clay and carbonate.
MINERALIZATION
Gold, silver and base metal mineralization at Red Dome occurs within skarn, 
quartz-veined rocks associated with quartz feldspar porphyritic rhyolite intrusives, 
and within an overlying structurally controlled collapse, breccia (Text-fig. 4). 
Additional copper and silver mineralization is located in andesite. Mineralization can 
be divided into two categories, that is, (1) oxide and supergene mineralization and (2) 
primary mineralization.
(1) Oxide and supergene mineralization
Secondary base metal and native gold mineralization occurs within ferruginous 
breccia and sandstone. Native copper is found within breccias as discontinuous 
veinlets and blebs, frequently rimming clast boundaries, or is disseminated in the 
breccia matrix. Native copper mineralization in sandstone is generally controlled by 
fractures. Malachite, chysocolla and minor cuprite and tenorite occur in various rock 
types as disseminations and along fractures. Secondary enrichment of gold may have 
occurred in the breccias.
The breccias commonly assay greater than 2% zinc although no specific zinc 
mineral has been identified. Up to 30% zinc has been indicated in individual 
chlorite-clay minerals and it is therefore assumed that the zinc is incorporated in the 
goethite-clay-chlorite crystal lattices. Minor cassiterite, and lead, arsenic and bismuth 
oxide minerals have been identified by scanning electron microscopic studies 
(Townend 1983).
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(2) Primary mineralization
Gold, silver, copper, zinc, lead and minor molybdenum mineralization is 
localized in skarn and quartz-veined lithologies associated with rhyolite porphyry and 
related intrusives. Sulphide mineralization closely followed skarn formation and 
continued through the development of quartz vein stockworking and pervasive 
alteration. Mineralogical studies (Townend 1983) indicated that gold occurs primarily 
as the native metal as well as minor argentiferous gold and gold bismuth complexes 
in quartz veins, as discrete grains with primary chalcocite and associated with chlorite 
and various calc-silicate minerals. Gold is generally very fine-grained (< 10 microns).
Chalcopyrite, primary chalcocite, bornite, gold and minor sphalerite are 
disseminated within skarn and calc-silicate/quartz veins. They also occur on 
calc-silicate and quartz vein margins. These primary ‘ore’ minerals are often 
interstitial to carbonate replacing calc-silicates; this indicates that they precipitated 
shortly after the early-formed skarn minerals (e.g. garnet and diopside) underwent 
retrograde alteration. Rare massive pyrite, sphalerite, galena, chalcopyrite and 
arsenopyrite occur at the skarn-marble contact.
GENESIS AND DISCUSSION
Gold, copper and silver mineralization at Red Dome is associated with highly 
altered quartz feldspar porphyritic rhyolite intrusives and their wallrocks. More 
extensive, unmineralized earlier skarns were probably produced by a larger porphyry 
intrusive at depth. This intrusive is generally evidenced by the increase in volume of 
porphyry dykes with depth (Text-fig. 4). Mineralized skarn and quartz ± chlorite 
veining is intimately spatially related to the porphyry dykes and stocks. Retrograde 
alteration of skarns generally accompanied gold mineralization.
A hydrothermal model of high temperature intrusion of rhyolite dykes, 
development of quartz vein stockworking, and adjacent skarnification, is proposed. 
Gold, copper and silver mineralization was precipated from igneous fluids in a 
restricted hydrothermal system.
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SOME OCCURRENCES OF GOLD-BEARING EXHALITES 
ASSOCIATED WITH SUBMARINE MAFIC VOLCANICS IN 
PALAEOZOIC ROCKS OF NORTHEASTERN QUEENSLAND 
AND NORTHEASTERN NEW SOUTH WALES
by R.E. Keevers
ABSTRACT. Gold occurs in chemical sediments (exhalites) at a number of locations in 
rocks of Palaeozoic age in northeastern Queensland and northeastern New South Wales. These 
cherty exhalites are associated with submarine mafic volcanic rocks which are principally 
pillowed basaltic lavas and mafic tuffs. This facies occurs at a break within predominately 
deep water greywackes and argillites.
Newmont geologist Doug Jones first recognised this auriferous chert-mafic volcanic 
facies in the Hodgkinson basin in 1981. Later in 1982, an analogy was drawn between the 
Hodgkinson basin in northeastern Queensland and the Demon Block in northeastern New 
South Wales, which led to exploration for gold in this facies there. A number of similar types 
of gold occurrences were found in the Palaeozoic rocks of the southern part of the Demon 
Block, also associated with submarine mafic volcanics.
The exhalites containing the gold are essentially finely banded cherts, which contain a 
number of facies variations, typical of other auriferous exhalites. Apart from the siliceous 
component, they contain ankerite, magnetite, chlorite and sulphides, principally pyrite, 
chalcopyrite and arsenopyrite. The gold appears to be preferentially concentrated in the 
sulphide-rich facies. The form of the gold was not investigated, but in the unoxidised rocks, it 
is likely to be fine free particles at sulphide grain boundaries or fine inclusions within sulphide 
grains.
Surface rock chip geochemistry of the exhalites was characterised by anomalous levels of 
gold, arsenic and copper. Where gold was in the 0.5-3 g/t Au range, then arsenic was 
commonly in the 300-5000 ppm range and copper in the 50-200 ppm range.
Newmont did not discover indications of gold in these areas at sufficient grade and in 
sufficient quantities to meet its commercial objectives. Other companies are continuing to 
explore these districts for gold in the rock facies described.
R.E. Keevers
Lot 7, Bunya Crossing Road
Eatons Hills, Queensland, 4037
Pap. Dep. Geol. Univ. Qd., 12(1): 110-110, Feb., 1987.
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THE HIGHWAY GOLD MINE, CHARTERS TOWERS — 
SUBMARINE VOLCANOGENIC GOLD-BARITE STRINGER 
MINERALIZATION, MODIFIED BY LATERITIC WEATHERING
by J.R. Kay
ABSTRACT. Gold mineralization at the Highway gold mine, 37 km south southwest of 
Charters Towers, is associated with a patch of barite-rich laterite within strongly sheared 
rhyolitic lavas and pyroclastic rocks of the Cambrian to Ordovician Mount Windsor Volcanics.
Very fine-grained free gold is erratically dispersed in a sandy laterite which contains 
irregular masses of barite and quartz cemented by limonite and kaolinite. Breccia textures are 
observed in the central part of the deposit where highest gold values are obtained. It is 
postulated that the gold and barite were originally precipitated in the subsurface stringer zone 
of a small submarine volcanic vent. The adjacent siliceous ironstone bed is interpreted to be 
the weathered remains of a submarine pyritic exhalite.
Following intense tectonic folding, in which the mine strata were overturned, the 
volcanic sequence was uplifted and exposed to prolonged erosion. The pyritic rocks of the 
stringer zone and exhalite were highly susceptible to decomposition by deep acid weathering, 
and gold redistribution and concentration took place in the weathering profile.
From 1979 to 1983, some 21.8 kg of gold was recovered and inferred reserves are 
estimated at 50000 t grading 5 g/t. The Highway mine provides an example of a successful 
small-scale gold mining and extraction operation.
INTRODUCTION
The Highway gold mine is located approximately 37 km south southwest of 
Charters Towers (Text-fig. 1). Access from Charters Towers is via the Gregory 
Development Road for some 37 km towards Clermont. The workings are on the 
eastern side of the road, about 0.5 km past the Policeman Creek bridge.
The mine is situated on Portion 5v, Parish of Blechington, and is held under 
two 100 m square claims (MCs 2198 and 2199, Charters Towers) by Mr. W.H. Hill.
The Highway mine was first inspected while carrying out a review of mining 
company base metal exploration in the Mount Windsor Volcanics. Further 
involvement arose from a request for Departmental drilling assistance by the owner. 
A plane table survey of the surface geology was completed and rock chip samples 
collected.
In May 1983, Aberfoyle Exploration Pty Ltd obtained an option to purchase 
and subsequently drilled 15 reverse circulation percussion drillholes totalling 1,135 m. 
The option was dropped when reserves were found to be below Aberfoyle’s minimum 
target (Richardson 1983).
This report has been compiled from all the data collected on the deposit, 
including 162 surface samples, 37 samples recorded from the underground workings 
and 754 percussion drillhole samples.
Pap. Dep. Geol. Univ. Qd., 12(1): 111-125, Feb., 1987.
Text-fig. 1; Location map and regional geology, Highway Gold Mine (after Wyatt et 
al., and Henderson, 1983).
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HISTORY AND PRODUCTION
The mineralization was discovered in 1953 by Messrs J.E. Olson and W.H. 
Thorne, two miners from Liontown (Banks 1953). They mistook the weathered 
baritic material, exposed in a road metal scraping, for lead carbonates. The 
Government geologist in Charters Towers recognised the barite and obtained assays 
which showed the presence of gold and silver but negligible lead (Connah 1954).
In 1954, an option to purchase was obtained by Mount Isa Mines Ltd, who 
explored the surface with several bulldozed trenches and sank a shaft to 30 m depth, 
where some 68 m of exploration drives and crosscuts were developed. However, the 
company was unable to locate a high grade “lode” which could be worked profitably 
at that time (Connah 1960). A total of 154.9 t of ore were treated at the Venus 
Battery and 1054.5 g of fine gold obtained using both amalgamation and cyaniding 
of tailings sands {Ann. Rep. Dep. Mines, Qd, 1954, p. 27).
In 1959, the lessees obtained a Mines Department subsidy to develop another 
level at 15 m depth, where gold values of 30 g/t had been obtained during the sinking 
of the shaft. Driving and crosscutting in weathered rock defined an area with 
dimensions of 12 m by 8 m averaging 12.4 g/t gold (Levingston 1961). In 1960, Mr. 
R.F. Beresford purchased Thorne’s share of the property.
Under another option agreement in 1964, Noranda Exploration Company Ltd 
drilled five percussion holes totalling 175.3 m to the north of the mineralized area. 
Very poor results were obtained and the option was subsequently dropped. (Beresford 
1964).
By the time the price of gold had risen dramatically in the late nineteen 
seventies, one of the lessees had died and the other had retired from active mining. 
The present owner obtained the property through forfeiture in 1979.
Surface sampling showed that gold values were distributed over an area of 
weathered laterite with dimensions of 35 m by 55 m and that the decomposed host 
rock was amenable to cyaniding. It was soon realised that the deposit could be 
economically worked using open cut mining methods.
Initially, heap leaching at the mine site was attempted but proved unsuccessful. 
The owner then established a vat leaching plant in old concrete cyaniding tanks at 
Millchester in Charters Towers. After some experimentation he found that gold could 
be successfully leached by alkaline cyanide solution when the Highway laterite was 
crushed and mixed with sandy mullock tailings from one of the Charters Towers 
quartz reef mines. An activated carbon was used for precipitation. A report on this 
process was given by Hill (1982).
From 1979 to June 1983, Queensland Mines Department records show that 
21.86 kg of fine gold have been produced. An estimated 7,500 t of Highway ore has 
been partially treated along with a similar quantity of tailing from the old Stockholm 
gold mine.
REGIONAL GEOLOGY (Text-fig. 1)
On the Charters Towers 1:250 000 geological sheet, Wyatt et al. (1971) mapped 
the Highway mineralization within the Mount Windsor Volcanics, a rock unit which 
has recently been included as a formation within the newly defined Seventy Mile 
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Range Group (Henderson 1982). Fossil evidence in the overlying formations 
(Henderson 1983) suggests that the upper boundary of the Mount Windsor Volcanics 
approximates the Cambrian-Ordovician systematic boundary.
The Mount Windsor Volcanics are a complex sequence of rhyolitic to 
rhyodacitic flows are pyroclastic rocks. They have a prevalent east-west strike and 
generally dip to the south. Wyatt et al. (1971) noted shearing, intense jointing and 
faulting which made the recognition of bedding attitudes difficult and little was 
known of the pattern of folding.
Recent geological mapping by exploration companies has shown that folding is 
common, especially in areas adjacent of the Ravenswood Granodiorite. It is currently 
believed that the complex outcrop patterns are not only caused by volcanic facies 
changes but also by tight isoclinal folding and, in some places, by transposition of 
bedding.
The Mount Windsor Volcanics are the host rocks for stratiform, volcanogenic 
base metal massive sulphide deposits at Thalanga, Liontown and Warrawee. Gold 
mineralization is closely associated with the Liontown massive sulphides (Levingston 
1974) and barite is a gangue mineral at Thalanga (Gregory & Hartley 1982).
LOCAL GEOLOGY
The Highway mineralization occurs within a poorly outcropping sequence of 
rhyolitic lavas and pyroclastic rocks. All rocks in the mine area exhibit a prominent 
northeasterly trending, and near vertical, cleavage which generally parallels the strike 
of the bedding.
Richardson (1983) considered this cleavage as being part of a four kilometre 
wide zone of shearing associated with the northeasterly trending Policeman Creek 
Fault; a fault that was mapped by Wyatt et al. (1971) to the west of the mine (Text­
fig- 1).
The strike of the strata in the mine area is at variance with the usual east-west 
trend of the Mount Windsor Volcanics, suggesting that large scale drag folding, 
apparently related to the Policeman Creek Fault structure, has occurred. However, a 
similar cleavage to that observed at the Highway deposit is also found throughout the 
Mount Windsor Volcanics and it seems likely that both the Policeman Creek fracture 
zone, and the cleavage at the Highway mine, may result from the same regional 
episode of intense folding and fracturing.
MINE GEOLOGY (Text-fig. 2)
Gold mineralization at the Highway deposit is associated with an isolated patch 
of decomposed lateritic rock. The surrounding rhyolitic volcanics are also weathered 
but have not undergone the same degree of chemical decomposition. Where 
recognised, bedding in the host volcanics usually parallels the northeasterly cleavage. 
However, the dip of the strata is extremely difficult to measure in surface exposures. 
This problem led several previous workers to conclude that the dip of the beds also 
paralleled the cleavage. Only after Aberfoyle’s drilling programme was it realised that 
the mine sequence dipped steeply to the southeast (Text-fig. 3).
Text-fig. 2: Geological interpretation map, Highway Gold Mine (Plane table survey by
J.R. Kay and P.D. Garrad, March, 1984).
Text-fig. 3; Geological interpretation at depth [Based on drilling (Richardson, 1983) 
and underground workings (Connah, 1960; Levingston, 1961)].
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The cleavage schistosity obliterates the primary volcanic textures in all but the 
more siliceous rock types. The observed textures indicate the presence of rhyolitic 
lavas, agglomerates, ash and lapilli tuffs and local volcanic breccias. Within a 
siliceous rhyolite unit, which crops out to the east of the mine, interbedded ash and 
lapilli tuff beds occur. Here, possible graded bedding indicates younging towards the 
northwest. This younging direction is opposite to that generally observed in the 
Mount Windsor Volcanics and Seventy Mile Range Group, and suggests that the 
strata in the mine area are overturned.
While no evidence of large-scale folding has been observed in the confined area 
of the mining claims, small-scale folding has been found in the sericitised porphyritic 
quartz rhyolite unit to the west of the mine. Here, a relatively tight anticlinal 
structure occurs in a 15 cm wide siliceous bed. The fold axis parallels the cleavage 
and plunges 30° northeast. Furthermore, Richardson (1983) recorded localised 
mineral lineations with shallow to moderate northeasterly plunges. These data suggest 
possible northeasterly tilting of this particular block of rocks during structural 
deformation. The shallow northerly-plunging structures observed by Beresford (1964) 
on the 15 m level of the old workings may also be related.
Several near vertical, kaolinitic fracture zones, up to 2 m wide, have been noted 
in surface exposures and percussion drill cuttings. Most surface fractures are sub­
parallel to the cleavage; measurement of displacements was not possible due to poor 
exposures and lack of marker horizons. None of the fractures could be followed for 
any distance. Dolerite dykes, intersected at depth in two drillholes to the north of the 
mineralized area, have no apparent surface expression.
HOST ROCKS (Text-figs. 2 & 3)
If, as has been suggested above, the strata have been overturned, the oldest 
rocks of the mine sequence are siliceous rhyolitic flows and pyroclastic lithologies 
which outcrop to the east of the open cut. These rocks consist of white to grey, flow- 
banded rhyolite, interbedded with agglomerates, lapilli tuff and tuff. Most have a 
siliceous “glassy” matrix occasionally containing quartz phenocrysts and small 
limonite cubes after pyrite.
Geochemically, this rhyolitic unit contains little gold and very low base metal 
values, except in the zone of quartz-pyrite veining and silicification which occurs 
adjacent to the lateritic orebody. Within this zone, the rhyolite is strongly veined and 
locally brecciated. Closer to the orebody, the veining becomes more intense and the 
rocks more ferruginous with gold values up to 8 g/t (Text-fig. 4). It appears 
was the quartz veining which attracted the attention of the early miners and 
exploration trenches being dug in this area.
In contrast to the siliceous rhyolites described above, rocks occurring
that it 
led to
along 
strike from the gold-bearing lateriate are poorly exposed. However, they appear to 
consist of relatively porous tuffs with interbedded cherty lenses. A coarse rhyolitic 
tuff bed has been mapped within the open cut. An aureole of gold values averaging 
0.5 g/t surrounds the lateritic rocks but, further along strike, gold values for the tuff 
unit are below detection limit.
The western margin of the orebody is marked by a prominantly outcropping 
massive ironstone unit comprising a banded hematite-goethite-quartz rock. This 
ironstone contains cubic boxwork textures after pyrite and appears to represent the
weathered surface expression of a massive pyrite body intersected in one of the 
deeper drillholes. Analysis of the ironstone returned 1-1.5 per cent barium. This is 
contained in small stringers of crystalline barite paralleling the banding, or bedding. 
Gold values are very erratic, ranging from trace amounts to 5 g/t. The average for 
some 38 samples from different parts of the ironstone was 1.3 g/t gold. The 
characteristic geochemical signature of this massive ironstone unit is the combination 
of comparatively high lead values at the surface (700-1200 ppm) and consistent silver 
values in drillholes (3-27 ppm), even when gold values are absent.
Along strike, to the north and south of the mine, the ironstone thins and grades 
laterally into a “cherty rhyolite” characterised by numerous bands of hematite and/ 
or geothite, commonly after pyrite. While much of the “cherty rhyolite” consists of 
microcrystalline quartz, typical of chert, rare spherulites, and perlitic and devitrified 
glass textures have been recorded (Richardson 1983). Further from the massive 
ironstone, the “cherty rhyolite” grades into more typical sericitised siliceous rhyolite 
lava, containing scattered quartz phenocrysts. Erratic gold values are also found in 
this “cherty rhyolite” unit and the overall average is 0.5 g/t. However, surface 
samples gave much higher values (averaging 1.34 g/t) than those from drillholes 
(averaging 0.38 g/t) suggesting either surface enrichment or contamination caused by 
mining.
A complicated suite of rhyolitic rocks outcrop to the northeast of the mine and 
both overlie, and occur along strike from, the mine rocks. The dominant rock type is 
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a grey or white quartz phyric rhyolite with some intercalated sericitic rhyolite. 
Interbedded tuffaceous rocks contain numerous small hematite cubes after pyrite with 
occasional small lenses of massive ironstone. Sporadic low gold values are confined 
to the more ferriginous rock types.
The origin of strongly sheared sericitic quartz porphyritic rhyolites in the 
northwestern part of the claims is equivocal. They represent sericitised feldspathic 
tuffs, containing ubiquitous small quartz phenocrysts, or quartz phyric lavas. Lenses 
of siliceous and ferruginous rhyolite are not uncommon. Geochemically, these rocks 
have negligible gold but their copper content (commonly greater than 300 ppm) is 
usually higher than that of the more siliceous rocks of the mine area.
MINERALIZATION (Text-figs. 4 & 5)
Gold values at the surface are associated with a roughly oval-shaped patch of 
deeply weathered lateritic ground with approximate dimensions of 55 m x 35 m. 
Very fine-grained free gold is erratically dispersed in a sandy laterite material with 
irregular masses of barite and quartz cemented by limonite and kaolinite.
Most original rock textures have been obliterated by acid weathering but 
obvious breccia textures occur in the zone of highest gold values near the shaft. 
Away from this central breccia zone, the only recognizable features occurring in the 
sandy laterite are isolated, decomposed volcanic rock fragments.
The weathered barite-bearing laterite extends to a depth of 30 m in the central 
breccia zone where drilling indicates that it passes into the massive ironstone unit 
(Text-fig. 3). However, instead of the typical ironstone, a hematite-barite 
microbreccia was intersected with about 10 per cent barite and carrying an average of 
13 g/t gold (Richardson 1983).
The barite-bearing laterite is intermixed with, and grades along strike into, 
similar laterite without microscopically obvious barite but nevertheless analysing up 
to 10 per cent barium from surface samples. No barium analyses are available on 
similar marginal lateritic material from drill cuttings.
The distribution of gold values in surface rocks is shown in text-fig. 4. Values 
of greater than 5 g/t are closely associated with the laterite, while there is an 
extension of the 1-5 g/t values into the zone of veining and silicification within 
siliceous rhyolite to the southeast. An envelope of more erratic gold values in the 0.3 
to 2 g/t range is roughly associated with the massive ironstone and “cherty rhyolite” 
units.
Text-fig. 5 shows the distribution of gold values in a cross section through the 
centre of the deposit. As at the surface, the highest values occur in the weathered 
barite-bearing breccia. In this section, it was possible to superimpose a lateritic 
profile, typical of that which develops on highly ferruginous rocks, thereby enabling 
a much better understanding of the geology and gold distribution at depth.
Gold Distribution in the Weathering Profile (Text-figs. 5 & 6)
Below the orebody, the depth of oxidation exceeds 75 m; much deeper than the 
usual 30 to 40 m depth of weathering recorded in drillholes penetrating the 
surrounding less ferruginous rock types. Drilling indicates that acid weathering has 
affected both the mineralized area and the massive ironstone unit. Text-fig. 6 shows
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distribution, Section CD, Highway Gold Mine (Richardson, 1983;Text-fig. 5: Gold
Connah, 1960; Levingston, 1961).
Text-fig. 6; Weathering profile. Section CD, Highway Gold Mine.
121
an interpretation of the distribution of various laterite zones within the central cross 
section.
Ferruginous zone. The ferruginous zone capping has now been mined from the 
central part of the orebody. It consisted of dark red-brown barite-bearing material 
with white clayey patches and streaks. Although apparently highly ferruginous, the 
actual iron content, as shown by chemical analyses, was only 2 to 4 per cent. In 
contrast, the part of the massive ironstone unit, within the ferruginous laterite zone, 
consists of hard, black hematite-geothite-quartz rock with an iron content of 25 to 
40 per cent.
Little, if any gold has been dispersed from the surface of this deposit into the 
surrounding gullies. This suggests that gold movement down into the weathering 
profile is preceding surface erosion. Before the ferruginous zone of the orebody was 
mined, several samples were assayed which gave very high gold values, e.g. 91.5 g/t, 
51.5 g/t and 41.0 g/t. As the average for all the samples from this zone (excluding 
the sporadic high ones) is only 8.7 g/t gold, it is possible that these sporadic high 
values represent locations where supergene concentration of gold had taken place.
In the laterite that surrounds the barite-rich centre (Text-fig. 4), the ferruginous 
zone contains erratic gold values up to 22.9 g/t, whereas the average for surface 
samples is 5.7 g/t gold. Below the ferruginous zone, however, this laterite has a much 
lower gold content — averaging only 0.7 g/t, with maximum values up to 2.4 g/t, 
suggesting that surface enrichment has occurred within the ferruginous zone. 
However, this surface spread of gold values may result from mining contamination. 
Mottled Zone. In many exposures within the open cut, a sharp contact between the 
ferruginous zone and the underlying mottled zone occurs. The mottled zone laterite 
in the centre of the open cut consists of ferruginous yellow, brown, red and purple 
kaolinitic clays containing barite. Samples of barite-bearing laterite returned analyses 
of 44 to 56 per cent barium. In their summary of the behaviour of different chemical 
elements during weathering, Thornber and Nickel (1983) state that barite is relatively 
insoluble under normal weathering conditions. At the Highway, there appears to have 
been an enrichment of barite in the mottled zone. At two locations within the mine
— one near the shaft and the other towards the margin of the barite-bearing laterite
— samples were collected from near the base of the ferruginous zone and from the 
upper part of the mottled zone directly below. Barium analyses for the ferruginous 
zone samples were 47.1 and 37.4 per cent, whereas the corresponding mottled zone 
analyses were 54.9 and 55.4 per cent, respectively. This data tend to support the 
concept of a marginal increase in barite content within the mottled zone. However, 
more than two examples would be required for this to be considered a statistically 
sound observation.
The highest gold values within the mottled zone were found at a depth of 10 m 
to 15 m in the old workings. Similar high values were also recorded at the same 
depth in an adjacent drillhole. When mining proceeds to this level, it will be possible 
to determine whether these high values represent a horizon of gold concentration or 
represent a more restricted patch of original high gold values.
Overall, the mottled zone of the barite-rich laterite is the most consistent and 
most significant gold-bearing section of the deposit. Assays of open cut samples from 
this zone average 9.1 g/t and the average for all underground samples is 14.5 g/t 
gold.
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Text-fig. 7; Sketch showing possible genetic model. Highway gold mineralization.
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Economic Significance of Weathering
The most obvious economic benefit of the weathering has been the liberation of 
gold from its original pyritic host and its dispersion throughout a decomposed laterite 
suitable for cyanide treatment. A further benefit is the upgrading of certain parts of 
the deposit. Supergene concentration of gold appears to have occurred and 
appears to have been concentrated within certain zones at depth.
gold
GENESIS (Text-fig. 7)
were 
been
Previous workers (Connah 1960; Beresford 1964; Levingston 1974) 
uncertain of the origin of this deposit. The genetic model presented below has 
made possible following recent advances in the understanding of the Mount Windsor 
Volcanics (Kay 1982). Aberfoyle’s drilling programme (Richardson 1983) was 
designed to test the possibility that the gold-barite breccia was a vertical to north­
easterly plunging pipe, related to high level sub-surface rhyolite intrusion within the 
Policeman Creek shear zone. However, investigations showed that the barite-bearing 
breccia did not continue to depth.
A proposed origin for the Highway mineralization is represented schematically 
in text-fig. 7. Primary mineral deposition probably occurred in Cambrian-Ordovician 
time at the site of a small submarine volcanic vent. The uneven distribution of rock 
types to the northeast and southwest is compatible with a subsidiary vent on the 
flank of a larger submarine volcanic structure.
Surface mapping and drilling results indicate a domal structure, possible caused 
by a pyroclastic cone, within the tuff unit associated with mineralization. 
Mineralizing hydrothermal solutions may have channelled through this cone 
depositing gold, pyrite and barite in a subsurface stringer zone, and a pyritic exhalite 
on the seafloor. The residual hydrothermal solutions were probably richer in silica 
and gave rise to a cherty exhalite. Siliceous quartz porphyritic rhyolites to the 
northeast (Text-fig. 2) were probably derived from contemporaneous volcanic activity 
issuing from a separate vent.
The volcanic rocks of the Seventy Mile Range Group were folded and fractured 
during Middle Ordovician orogenic movements. At this time the main phases of the 
Ravenswood Granodiorite complex were intruded. Stabilization took place in late 
Silurian to early Devonian, and the area is believed to have been exposed to erosion 
since emergence in middle Devonian (Wyatt et al. 1971). On exposure to weathering, 
laterite development within Highway mineralization would have been facilitated by 
high iron content and alteration mineralogy.
ECONOMIC ASSESSMENT
For the Highway deposit, Aberfoyle Exploration Pty Ltd (Richardson 1983) 
calculated an indicated resource of 300000 t grading 1 g/t gold with a cut off grade 
of 0.3 g/t. This included indicated ore reserves of 50000 t grading 5 g/t. These 
reserves, and the decomposed near-surface nature of the gold-bearing ore, make this 
an ideal deposit for the current two-man mining and extraction operation. As with 
most successful small mining operations, considerable ingenuity is required to “tailor 
down” the capital investment and scale of mining to suit the size of the orebody.
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THE MOUNT MORGAN GOLD-COPPER MINE AND ITS 
ENVIRONMENT, QUEENSLAND — A VOLCANOGENIC 
MASSIVE SULPHIDE DEPOSIT ASSOCIATED WITH 
PENECONTEMPORANEOUS FAULTING
by A. Taube
ABSTRACT. The Mount Morgan mine was closed in July 1981 after 99 years of almost 
continuous production. The mine yielded 237,896 kg of gold (7,648,533 oz) and 360,616 tonnes 
of copper from 50 million tonnes of ore, an average grade of 4.75 g/t Au and 0.72% Cu. The 
mine was Australia’s largest single lode gold orebody and fourth largest gold producing area 
after the Kalgoorlie Golden Mile and the Bendigo and Ballarat areas.
The host rocks for the orebody are acid volcanic rocks of Middle Middle Devonian age, 
older than the Late Middle Devonian age previously attributed to the rocks. The deposit occurs 
in a roof pendant of the volcanic rocks within the Mount Morgan Tonalite (Late Devonian). 
The Mount Morgan Tonalite is in the core of a complex regional anticline in the Calliope 
Block, a belt of Middle Palaeozoic volcanic rocks within the Tasman Orogenic Zone.
The mine comprised the “Main Pipe’’ orebody of pyritic massive sulphides and the 
adjacent “Sugarloaf’’ orebody of siliceous stringer mineralization. When the host stratigraphy 
is re-oriented with respect to regional dip and local faulting, the two orebodies are shown to 
form a pipe-like “volcanogenic massive sulphide’’ configuration nearly perpendicular to the 
stratigraphy. Minor stratiform pyritic beds in the host rocks adjacent to the stratigraphic top 
of the orebody grade down dip away from the orebody to a sequence of jasperoidal beds in the 
same stratigraphy.
The host stratigraphy comprises quartz-feldspar crystal-lithic tuffs, cherty ash tuffs, and 
some true chert and jasper. The stratigraphy shows gross thickening and change of character 
on either side of the orebody, suggesting that the orebody formed along a 
penecontemporaneous fault.
A. Taube
256 Agnes Street
Rockhampton, Queensland, 4700
Pap. Dep. Geol. Univ. Qd., 12(1): 126-126, Feb., 1987.
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TESTING OF MODERN ALLUVIALS AT CLERMONT FOR A 
POTENTIAL Au-DREDGING PROJECT
by N.P. Stevens-Hoare
ABSTRACT. Gold Fields Exploration Pty. Ltd., in Joint Venture with Pennzoil Ltd., 
(now Duval Mining Australia Ltd.) and Picon Exploration Pty. Ltd., assessed the Au dredging 
potential of the modern Sandy Creek drainage system during the period 1981-1983.
The initial programme of bulk sampling achieved three objectives. Firstly, it proved the 
presence of Au within the alluvials. Secondly, it showed that as anticipated the gold was 
coarse, predominantly greater than 200 micrometres diameter, of flaky habit and about 980 
fine. Thirdly, that more studies were needed before any conclusions could be reached as to 
grade potential.
Theoretical, engineering, empirical and financial models were used in the second stage of 
the exploration programme to define the objectives of the next exploration phase and to 
determine the methodology to be used.
The third and final stage of the programme evaluated channels intersected on two drill 
traverses. Percussion drilling defined the channels which were then drilled with a Cal-weld rig 
and the samples processed in a mobile plant. The results demonstrated the channels were not 
of economic grade and the testing programme was terminated.
INTRODUCTION
The potential of Sandy Creek, a major drainage system which passes through 
Clermont, as the site of a gold dredging operation was recognised by Duval in 1979. 
Duval in joint-venture with Picon held Authorities to Prospect in the Clermont 
region. The Department of Mines proposed a Departmental Reserve around Clermont 
to assist small gold miners and in late 1980 requested Duval and Picon to surrender a 
portion of their A’s to P. The area sought by the Department of Mines contained 
most of the alluvial potential of Sandy Creek. Duval and Picon acceded to the 
Department of Mines request and decided to apply for Mining Leases prior to the 
surrender and to seek a joint venture partner to manage and operate an accelerated 
programme of alluvial testing. Renison Gold Fields Consolidated Ltd. (formerly 
Consolidated Gold Fields of Australia Limited) through its wholly owned subsidiary 
companies Circular Quay Holdings Pty. Ltd. and Gold Fields Exploration Pty. Ltd. 
entered into, and managed, the joint-venture.
REGIONAL GEOLOGY
Clermont is located on the eastern portion of the Anakie High which forms the 
western margin of the Bowen Basin. The Anakie High consists of Anakie 
Metamorphics of probable early Palaeozoic age. Permian sedimentary rocks were 
unconformably deposited upon the Anakie Metamorphics but only thin discontinuous 
remnants are to be found within the Sandy Creek drainage basin.
Published accounts of the geology of the region include those of Rands (1886), 
Dunstan (1902), Ball (1906), Veevers et al. (1964) and Olgers (1969). Unpublished
Pap. Dep. Geol. Univ. Qd., 12(1): 127-138, Feb., 1987.
128
reports on Authorities to Prospect held on open file by the Department of Mines 
inlcude those of Utah A. to P. 855M, Electrolytic Zinc A. to P. 1207M, and 
Pennzoil A. to P.’s 2077 and 2177M. A brief description of the relevant stratigraphy 
collated from the sources listed above, and field observations, is given below.
Anakie Metamorphics
The Anakie Metamorphics may be subdivided into two units. The older unit is 
multiply deformed and of amphibolite grade metamorphism. The original lithologies 
were mainly basic volcanics, volcanoclastic, and associated quartz-rich sedimentary 
rocks, minor ultramafic rocks and cherty-iron formations. Numerous small 
metamorphogenic quartz veins are common within this unit. The younger unit is less 
deformed, but of similar metamorphic grade, and mainly consists of meta­
sandstones, siltstones and shales and possible tuffaceous rocks. Gold mineralization 
occurs in three modes: firstly, as a minor accessory of the metamorphogenic quartz 
veins; secondly, as an accessory to copper-rich veins and lodes; and thirdly, 
accompanying stratiform copper sulphide ± magnetite bodies.
Permian sedimentary rocks
The basal Permian sedimentary rocks consist of quartz-rich boulder 
conglomerates, polymictic conglomerates, sandstones, siltstones, shales and coals. 
Gold mineralization is most common in the basal rocks, and within the basement, for 
about one metre above and below the unconformity. The old workings, and present 
small operations, are commonly referred to as alluvials and deep leads. However, the 
descriptions of Ball (1906), field observations and discussions with miners at Miclere, 
and other producing locations, strongly suggest that a simple detrital/alluvial 
explanation for the distribution of gold within the Permian rocks is inadequate. 
There appears to be, in some instances, substantial (re?)-deposition of gold within the 
basal Permian sedimentary, and basement metamorphic, rocks with the unconformity 
and minor fault structures acting as loci for gold deposition.
ECONOMIC EVALUATION
A preliminary field examination of the recent Sandy Creek drainage system in 
November 1980, revealed firstly, a provenance for alluvial gold (Text-fig. 1) and 
secondly, that adequate volumes of alluvium were present to support a dredging 
operation. At that time G.F.E.L. considered a minimum requirement for a new 
dredging project, in a well located region, to be 30 x 10^ cubic metres of alluvium 
with an average grade of 0.2 g Au per cubic metre. G.F.E.L. finalised negotiations 
on the joint-venture in January 1981 and commenced work.
Stage 1
The programme commenced with ground acquisition, with over 6,000 hectares 
being applied for as Mining Leases. Geological mapping, on 1:5,000 scale 
photogrammetrically prepared topographic maps with five metre contours, was 
carried out.
Available information suggested that alluvial gold from the Clermont region
Text-fig. 1: Location plan showing the Sandy Creek drainage area in relation to known 
gold prevenance areas and to nearby Clermont township and Blair Athol Mine. Also 
shown is the limit of the area studied and the location of section lines A, D and J.
to demonstrate the presence of gold within the recent alluvials of Sandy Creek; 
to determine the size distribution of the gold present; and 
to estimate the grade potential of the systems being sampled.
resistivity survey was undertaken, on selected traverses, to aid in the location of
was coarse, with very little fine gold being reported, or recovered. This, together with 
the low grade being sought, meant that large samples were required. A minimum 
sample size of two tonnes was calculated as being desirable for coarse alluvial gold 
with a grade of 0.2 g Au/m\ Five traverses were selected upstream of Clermont for 
sampling. Sampling objectives were threefold:
a)
b)
c) 
A 
the bedrock alluvial channels. Each traverse was oriented normal to the probable 
channels. An Austral RT153 frequency domain transmitter, operating at 0.1 Hz from 
a twelve volt battery at a dipole length of ten metres was used in conjunction with an 
Austral R172 receiver to measure the resistivity. Depths of twenty metres were 
anticipated. Anomalous results (resistivity lows) were sounded using Schlumberger 
arrays normal to the tranverse direction, that is, parallel to the probable channel 
direction.
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A Cal-weld bucket drill rig, with a nominal bucket diameter of 800 mm, was 
used to sample the alluvials, with one metre of depth giving approximately one tonne 
of sample. Typical drill traverses are shown in text-figs. 2 & 3. The geophysical 
surveys failed to accurately locate channels, and holes were drilled 
traverses to give the best coverage possible within the allocated drilling 
total of 372.5 metres was drilled in 35 holes.
On completion of the drilling, a pilot processing plant was set up 
samples. The plant processed one to two cubic metres per hour. Flow
processing, sample concentration and assay procedures are presented as text-figs. 
5.
across the 
budget. A
to test the 
sheets for
4 &
a)
b)
The stage one programme successfully demonstrated: 
the presence of gold;
that the gold was coarse, the majority being present as flakes in excess of 200
DRILL SECTION A
Text-fig. 2: Geological cross-section of drill section A, together with corresponding 
resistivity profile, showing the relationship between present-day stream and palaeo­
channel deposits.
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Text-fig. 3: Geological cross-section of a typical drill traverse showing the relationship 
of present-day and palaeo-channels.
Text-fig. 4: Sample processing flow sheet.
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Text-fig. 5; Sample concentrating flow sheet.
microns in major axis length; and
c) that average grades ranged from 0.001 g Au/m^ to 
seventeen holes drilled upstream of Clermont only hole 
figs. 1 & 3) was of economic significance.
Au/mT Of the0.19 g
12 on traverse D (Text-
Stage 2
At the completion of Stage 1, the joint venturers agreed that further testing was 
required but felt a clearer definition of:
a) what was an economic target; and
b) where in theory that target should be, was needed.
A study was undertaken for G.F.E.L. by C. Robinson, consultant of Atherton, 
into the basic feasibility of a bucket chain dredging operation and a bucket wheel 
dredging operation based upon parameters obtained from the stage 1 drilling 
programme. From Robinson’s report, it was evident that a potentially economic 
channel had been intersected on traverse D. A sensitivity analysis was then conducted 
using his data to study the effects of channel width, grade and length on the Net 
Present Value using a discounted cash flow rate of internal return of 20%. The data 
used in the sensitivity analysis are presented in Appendix 1 and the results shown in 
text-figs. 6, 7 & 8.
Modelling of the Sandy Creek fluvial system was undertaken using empirical 
equations from Schumm (1966). Calculated water flow rates for basal sediments, 
traverse ‘D’, are capable of transporting tabular gold nuggets up to 10 oz in weight. 
Nuggets of Vi oz-2 oz in weight are common in the older Permian alluvials around 
Clermont. Calculations by P. Holyland (pers. comm.), of G.F.E.L.’s research group, 
using alluvium base gradient data, indicated traverses D and J as being favourable to 
test for gold accumulation. These traverses, D and J, occur downstream of major 
tributary junctions, a locus identified by Mosley and Schumm (1979) as a probable 
site for heavy mineral accumulations.
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Text-fig. 6: Sensitivity analysis of net present value versus stripping ratio.
The Stage 2 data resulted in a decision being made to test more fully the grade 
potential and width of the channels on traverses D and J. It was recognized that the 
most likely successful results would be, for the companies involved, a small dredging 
operation.
Stage 3
Testing of the two selected traverses, D and J, consisted of defining the traverse 
profiles by close-spaced drilling with a Mayhew 1000 drill rig. The deepest channel on 
each traverse was sampled with a Cal-weld rig. Sufficient holes were drilled to obtain 
10 tonnes of basal sediment. Samples were stacked at 2 metre depth intervals, as in 
Stage 1, and then transferred to a central processing plant. A total of 377.5 metres, 
in 29 holes, was drilled by the Mayhew 1000. 192.5 metres, in 11 holes, were Cal- 
weld drilled and 26m^ treated.
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Text-fig. 7: Sensitivity analysis of net present value versus life of operation.
The processing plant used was a Cower or M and B Separator for 
preconcentration with a Wright single-start-spiral for final concentrate production. 
The flow sheet is given in text-fig. 9. This plant, which was simpler and more 
economical to operate than that used in Stage 1, was adequate to recover all the gold 
which would, in practice, be recovered by a dredging operation. The concentrate, 
about 200 g from 2 tonnes, was subsampled and duplicate fire assayed. The 
remaining concentrate sample was cyanide leached. The channels tested were narrow, 
resulting in a high stripping ratio above the bedrock placers. The grades of 
mineralization, which was concentrated at the base of the channels, were insufficient 
to be mined economically.
COST OF PROGRAMME
Excluding lease acquisition cost and rentals, which were substantial, the costs 
below. All machinery, plant, drills etc. were contracted orincurred are summarized 
leased on a time basis.
Stage 1 — cost
— cost
assaying etc. $3000 per hole (Cal-weld)
of Cal-weld drilling $90/metre 
of drilling, sample processing,
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Text-fig. 8: Sensitivity analysis of net present value versus grade.
Stage 3 — cost of drilling, sample processing,
assaying etc. $2000 per hole (Cal-weld)
GUIDELINES FOR DREDGING PROJECTS
A minimum economic target for a small dredging operation is, at a gold price 
of A$500 per oz. and assuming a region with good infrastructure and that the present 
taxation and royalty arrangements continue, 15 x lO^m^ at 0.3 g Au/m^ and for a 
large operation 60 x lO^m^ at 0.2 g Au/m^.
Bulk sampling at an early stage is highly recommended because the size 
distribution of the economic minerals present, and of the sediments which contain 
them and overlie them, have a major effect on dredging performance and, hence, 
payability.
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Text-fig. 9: Flow sheet for sample preconcentration and final concentrate production.
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APPENDIX 1 — FEASIBILITY STUDY DATA
CAPITAL COSTS
Dredge (similar to Neumann type 350/14L but with 
a 25 metre ladder/boom)
Treatment Plant (floats in dredge pond)
Gold Shed
Workshop
Start-up costs
— above depreciated over ten (10) years
Light vehicles (4), truck, bulldozer
— depreciated over five (5) years
$2,000,000 
750,000 
100,000 
150,000 
600,000
522,000
OPERATING COSTS
Labour — salaries, wages and on costs
Power
Stores, fuel, spares
Development prospecting
Overheads
Topsoil (1 metre depth), removal and rehabilitation
$37,648 per 
75,000 per
11,000 per
11,000 per
14,000 per
month 
month 
month 
month 
month
$1.10 per m^
OPERATING CONDITIONS
Operation — 2 x 10 hour shifts, six days a week
Fifty (50) weeks per annum
Dredge availablity — 85%
Dredge throughput — 1,400,000 m^ per annum (270 m/hour)
Overburden depth — 23 m
Channel depth — 2 m
Channel width — 60 m
Batter angle in dredge pond — 30°
Channel grade 3.0 Au/m^
Gold fineness — 985
Gold price A$500 per fine ounce
Tax — Nil
Royalty — Nil
Compensation and land acquisition — Nil
Mine life — 10 years
Rate of internal Return — 20%
CONTINGENCIES
Add 10% to capital and operating costs
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ASPECTS OF GOVERNMENT REGULATION OF EXPLORATION 
FOR GOLD
by J.H. Brooks
ABSTRACT. A review of government regulation of exploration for gold in Queensland is 
focussed on lesser known, but important aspects, of the Authority to Prospect title system. 
Following a brief appraisal of the status of gold exploration, Authority to Prospect titles are 
discussed in relation to negotiable and non-negotiable terms and conditions, and limitations on 
exploration on mining lease applications. Departmental Areas, Reserves and Mineral Freeholds 
are explained. Other topics included are the tenure options open to explorers following the 
discovery of sub-economic mineral deposits, and the requirements for the documentation of 
drilling results and preservation of drill core.
EXPLORATION FOR GOLD UNDER AUTHORITY TO 
PROSPECT (MINERALS)
After a long absence of interest in exploration for gold, activity stirred slightly 
in the 1968-71 period following the establishment of an open market for gold, and in 
association with the nickel exploration boom. Interest then fell away and was not 
stimulated much by the substantial rise in the price of gold which followed the 
trebling of the OPEC oil price at the end of 1973. However, when the price of gold 
rose to new heights in 1979, exploration boomed, with the proportion of Authorities 
to Prospect (A’s to P.) taken up primarily to search for gold rising from 7 per cent 
of the total (excluding oil shale) in 1978, to some 37 per cent in 1980-81. Although 
the overall level of exploration dropped off substantially in 1982-3, and the price of 
gold went through a trough, interest in gold exploration faltered only temporarily, 
and the proportion of A’s to P. for gold to the total rose to 46 per cent in 1983, 
showing how clearly it is currently dominating exploration effort. Some 85 companies 
are currently engaged in exploring for gold in Queensland.
AUTHORITY TO PROSPECT ADMINISTRATION
Basic conditions of minerals A’s to P. are set out in Table 1. The Authority to 
Prospect in Queensland equates with the Exploration Licence (EL) of other States.
Application is made to the local Mining Warden’s office on a simple one page 
form. However, particularly for applicants that have no exploration track record in 
Queensland, additional information on the work programme, technical direction and 
budgeted cost is required to support the application. A’s to P. are granted for one or 
two years initially but provided the terms and conditions are satisfactorily met, 
renewal on an annual basis can be confidently expected.
SIZE OF AUTHORITY TO PROSPECT
The normal maximum size of a minerals A. to P. is 100 sub-blocks 
(approximately 300 km^) forming one contiguous group. Larger than 100 sub-block
Pap. Dep. Geol. Univ. Qd., 12(1): 139-145, Feb., 1987.
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TABLE 1: AUTHORITIES TO PROSPECT (MINERALS)
NEGOTIABLE CONDITIONS NON-NEGOTIABLE CONDITIONS
AREA — usual limit 100 sub-blocks (approx.) DEPOSIT (with application): $2000
TERM — usually 2 years initially but 1 year for 
applicants with no track record
SECURITY DEPOSIT: $1000 to $25 000 
according to type of exploration 
and sensitivity of area
RENEWAL — on annual basis except in unusual 
circumstances
RENTAL: $50 per sub block. Pro-rata refund 
if sub-blocks relinquished during 
the year
JOINT REPORTING — on 2 or more adjacent 
A’s to P.
REPORTING: 6 monthly, plus relinquishment 
and final reports
REDUCTION IN AREA — usually by 50% 
for each year of tenure
PRIORITY: from time application received 
at Mining Warden’s office
EXPENDITURE ON RENEWAL — according to 
number of sub-blocks retained and 
nature of exploration programme
INITIAL EXPENDITURE: 1st year $50 000 for 
51-100 sub-blocks;
2nd Year $80 000
OTHER INVESTIGATIONS — other than 
normal exploration in the field
MORATORIUM: no new applications for
3 clear months after relinquishment 
of an area under A. to P.
applications may receive favourable consideration. A company might wish, for 
example, to test a new exploration concept, usually in an area away from established 
mining fields, or a wide ranging aerial geophysical survey or reconnaissance 
geochemical sampling may be proposed. Such applications should be discussed with 
the Mines Department before or immediately following lodgment and a more 
comprehensive supporting submission is required. An application for a larger than 
100 sub-block A. to P. is preferable to applications for several contiguous 100 sub­
block A’s to P. which become administratively burdensome for both the company 
and the Department. Expenditure conditions are negotiable but rental is not, so the 
onus is on the company to complete the initial phase of exploration quickly and 
relinquish a major part of the area. The tendency, particularly in gold exploration, 
has been to go back to old fields and this has produced success in proving up 
deposits such as Kidston, Red Dome and Mount Leyshon. However, the Department 
is prepared to negotiate favourable terms and conditions for companies prepared to 
look for new types of deposit in areas away from known fields.
TERMS AND CONDITIONS
Initial terms and conditions relating to expenditure and reduction in area of A’s 
to P. are fixed but when renewals are applied for there is considerable scope for 
negotiation, depending on performance in the initial period, the type of exploration 
being undertaken and the location of the area being explored. The exploration 
completed, as presented in the six monthly reports, is given emphasis when 
considering the performance of the holder rather than expenditure statements, as 
costs attributable to exploration can show a wide variation according to the 
accounting practices adopted by A. to P. holders.
In addition to the initial deposit of $2000 which is refunded on satisfactory 
completion of the exploration programme and submission of reports, a security 
rehabilitation deposit was introduced in 1983 to ensure that any disturbance to the 
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surface or property damage is properly restored. This deposit ranges from a 
minimum of $1000 up to a maximum of $25000, according to the nature of the 
exploration work proposed and the environmental sensitivity of the area being 
explored. The only serious concern arising here is the bulk sampling of alluvial gold 
and tin deposits.
REPORTING REQUIREMENTS
Reporting is on a six monthly basis but it is recognised that, particularly in 
North Queensland, most of the field work will be done in the May-November period 
so that there will be one major report and one lesser report in a 12 month period. 
The main thing is to fulfill work and expenditure commitments on an annual basis. 
Guidelines for reporting are distributed to all A. to P. holders, although in some 
cases the guidelines do not appear to reach the geologists in regional offices who do 
the actual report compilation. The guidelines are fairly terse and are designed to 
emphasise the need for clear and systematic documentation of data, rather than 
dictating how the report should be written. The standard of reporting has improved 
considerably in recent years but in some areas there is still considerable room for 
improvement. The problem of reporting geophysical results, caused by the rapid 
advances in techniques, the sophisticated processing of resulting data, and the volume 
of data generated is still being addressed. The objective is to get the data into a 
convenient form, capable of being utilised by future explorers.
AUTHORITY TO PROSPECT RIGHTS
The A. to P. confers a right to prospect and a prior right to apply for mining 
leases (ML’s). Some explorers are anxious to apply for ML’s when they make a 
discovery in order to establish a more secure form of tenure, but this is usually not 
necessary as the A. to P. title makes it impossible for anyone else to proceed with a 
mining lease application (MLA) without the approval of the A. to P. holder. 
Applying for a ML removes that area from the A. to P., and expenditure on the 
MLA cannot be credited to the A. to P. without specific approval by the Minister for 
Mines. In areas of small mining interest, A. to P. holders are encouraged to allow 
bona fide miners to peg small ML’s or mining claims (MC’s) where no conflict of 
interest arises. This defuses the resentment of small miners against exploration 
companies who hold A’s to P. for long periods.
JOINT VENTURES AND TRANSFERS
An A. to P. title is an exploration concession granted by the Minister for Mines 
to a particular company or person, and trafficking in A. to P. titles is not an 
acceptable practice. However, joint venturing to earn an interest by expenditure on 
exploration is recognised as the established way for explorers to spread the risk and 
the financial burden. The Minister no longer gives formal approval to joint ventures 
but copies of agreements are to be submitted to the Department to ensure that they 
conform to established guidelines (principally that no “up front’’ money is involved) 
and the agreements are then recorded. The onus is on the titleholder to see that such 
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things as renewals are applied for in due time, and all legal matters should be 
initiated by the holder rather than the joint venture operator, and where necessary 
signed by the holder under company seal.
MORATORIUM PERIOD
As a result of representations by small mining interests in North Queensland, a 
three months moratorium period was introduced on areas relinquished from A’s to 
P. This means that for three clear months after part or all of an A. to P. is 
relinquished, that area is unavailable for A. to P. application, and this gives the 
small miner a chance to peg ML’s or MC’s. When the area again becomes available 
for application, more than one party may lodge an application at the Mining 
Warden’s office at the same time. These applications are regarded as simultaneous 
and the Warden then draws lots to decide priority of application. This appears to be 
an arbitrary way of dealing with the situation, but it has the advantage of being 
quick and free of any possibility of bias towards a particular applicant. The 
moratorium period does not apply in the case of conditional surrenders where 
holder applies for a modified A. to P. to replace an existing title.
the
EXPLORING ON MINING LEASE APPLICATIONS
are 
the
Although a ML is a development rather than an exploration title, there 
circumstances where exploration is carried out under MLA. In some parts of 
State, designated as Departmental Areas, A’s to P. cannot be applied for. The most 
notable of these is the Herberton DA 42D proclaimed in the early 196O’s to protect 
the interests of numerous small-scale tin miners on this field. Companies exploring in 
this area have to resort to applying for a ML or usually a group of ML’s. This is a 
rather cumbersome and restrictive alternative, but explorers have learned to live with 
it. In these cases, the ML applicant should make it clear on the Preliminary 
Environmental Advice accompanying the application, that the initial intention is to 
explore and not to mine. At the appropriate stage the applicant is then advised to 
apply to the Minister for Mines, under Section 23 of the Mining Act, for permission 
to enter onto the MLA for the purpose of exploration. Reports should be submitted 
on this exploration in a similar manner to A’s to P.
DEPARTMENTAL AREAS
Departmental Areas may be proclaimed for a variety of reasons and different 
restrictions apply, as set out in Table 2. With damsite catchment areas the Water 
Resources Commission is usually agreeable to allowing exploration under A. to P. in 
the short term as many of the dam sites they investigate will not be proceeded with 
for many years, if at all. The explorer does take the risk, however, that if a mineable 
deposit is found there may be problems in setting lease conditions to satisfactorily 
control pollution, and the granting of a ML cannot be guaranteed. The main areas 
where gold exploration has been affected are in the Bowen-Mackay hinterland, the 
Gladstone-Monto area and the area south of Gympie. Departmental Area 102D at 
Clermont, and DA 42D at Herberton, referred to above, were proclaimed to protect
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TABLE 2: DEPARTMENTAL AREAS
Type of Area 
(number of such areas in brackets) Restrictions
Damsites (36) Available for A. to P. application, subject to views of Qld Water 
Resources Commission or other responsible Government 
Department.
Dams, Pipelines and Bores (20) Usually no A’s to P. Mining Leases subject to views of Qld Water 
Resources Commission or other responsible Government 
Department.
Protection of Environmentally or
Sensitive or Historic Areas (4)
No A’s to P. or Mining Leases.
Gemstone Areas (8) In most, Mining Claims only allowed. Small Mining Leases 
permitted in some.
Urban and Industrial Developments (6) No A’s to P. or Mining Leases.
Preservation of Mineral Resources (6) No mining tenements allowed. Open to proposals for further 
exploration and development.
Protection of Small Miners (5) No A’s to P. but Mining Leases and Claims allowed. In some, 
two Mining Leases only allowed.
Departmental Drilling (1) No mining tenement applications while investigations in progress.
List of current Departmental Areas accompanies the Quest Information Mineral Exploration titles 
schedule.
the operations of small-scale alluvial and deep lead gold miners and tin miners 
respectively.
RESERVES
When A’s to P. are granted they now include the Reserves within the 
boundaries (but not National Parks or Environmental Parks). However, permission 
of the authority controlling the Reserve is required before it can be entered for the 
purpose of exploration. Negotiation in regard to Aboriginal Reserves is done through 
the Department of Aboriginal and Islanders Advancement who consult with the local 
aboriginal council. The Forestry Department places rigid conditions on exploration 
within its Reserves but most explorers are quite prepared to live with these. The 
greatest problem arises with the exploration and development of alluvial deposits 
where extensive clearing of timber is required.
A relatively new type of Reserve is the Departmental and Official Purposes 
Reserve (D & OP). These are created where the National Parks and Wildlife Service 
are keen to have the area as a National Park but the area has known mineral deposits 
or good potential for discovery. The trusteeship of these Reserves is shared by the 
National Parks and Wildlife Service and the Mines Department. Usually the D & OP 
Reserve is adjacent to an existing National Park and National Parks and Wildlife 
Service rangers can manage the area as a whole. An example is the Iron Range area 
in Cape York Peninsula which contains significant rain forest areas, and also has 
potential for large stratabound gold deposits. The explorer would have to appreciate 
that if a mineable deposit is found, then stringent conditions can be expected to 
apply to enable development to proceed with minimum damage to the environment. 
Only five D & OP Reserves have been proclaimed and a further seven have been 
agreed to.
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DISCOVERY OF SUB-ECONOMIC DEPOSITS
Quite commonly a company finds a mineral deposit on an A. to P., defines it 
by drilling, but finds that economic development in the short term is not possible 
either because the grade is sub-economic at current metal prices, or perhaps the 
location is too remote for it to carry infrastructure costs on its own. The problem 
may be that no further funds can sensibly be expended on direct exploration, but the 
company wishes to retain title over what it has spent a lot of money finding and 
proving up. If mining is not to be proceeded with, then it is considered preferable to 
maintain an A. to P. title for as long as possible. Legitimately, approval may be 
requested from the Minister to carry out “Other investigations” such as metallurgical 
test work, marketing studies, laboratory testing and environmental studies, and a 
lower rate of expenditure may be negotiated. If these avenues are exhausted then a 
ML may be applied for and exemption from labour conditions requested. However, 
this option should only be taken if there are reasonable prospects that mining will be 
possible in the foreseeable future. If a decision to proceed with development would 
require some dramatic price change or metallurgical breakthrough, then the only real 
option is to relinquish the A. to P. The Department may consider it worthwhile to 
place a Departmental Area around the deposit.
MINERAL FREEHOLDS
Mineral Freeholds were granted before the Mineral Lands Act of 1882 did away 
with this form of tenure. Quite a number of early discovered base metal deposits 
(such as Dugald River) were taken up under Mineral Freehold title which alienates all 
mineral rights from the Crown, with the exception of gold and in a few of them, 
minerals or metals other than gold. Some of these deposits are known or suspected to 
contain significant amounts of gold in association with the base metals. The holder 
of an A. to P. within which a Mineral Freehold occurs can obtain a Permit to Enter 
to go onto the Mineral Freehold and sample, and, if warranted, apply for a ML. 
However, as the A. to P. holder has no rights over the base metals, agreement with 
the Mineral Freeholder is necessary before mining can take place.
DRILLING PROGRAMS
Drilling is the single most important part of any exploration programme and 
often the most expensive. For these reasons, it is of deep concern that full value is 
obtained for the money spent. The Department is interested particularly in the correct 
recording of the data generated and the storage of the core. It is a requirement of the 
Mines Regulation Act (Section 64) that all drilling programmes and site particulars 
are reported to the Department; also that core is securely stored in properly marked 
core boxes and advice given before any core is disposed of. Unfortunately, there have 
been a number of instances in the past where the results of drilling programmes have 
not been provided and drill core has been left on site in a confused mess. The current 
boom in gold exploration has seen many companies wishing to assay core for gold 
from prospects where base metals were drilled for in the past. Some of the core has 
been found to be available in the Departmental Core Library but an appreciable
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has not been preserved. The Department now has adequate core storage 
the Zillmere Core Library and it is hoped that all companies, other than 
their own core libraries, will as a matter of great importance, offer all 
Department after completing drilling programmes and before vacating the 
exploration is suspended or abandoned. Logs, assay results and locality 
proportion 
facilities at 
those with 
core to the 
area, when
plans of all drilling, whether on A’s to P. or ML’s should be supplied to the 
Department for our confidential information within six months of the completion of 
the programme. Drilling data are placed on open file if title is no longer held, 
otherwise release of information is made only with the approval of the title-holder. 
The advantage of storing all drilling data in a central repository should be clear to all 
explorationists because, with the cyclic nature of interest in the various metals, areas 
and prospects are looked at again and again, and the effort should be directed 
towards building on existing data to progress towards the goal of discovery, rather 
than re-doing what has been done at some earlier stage.
CONCLUSION
The objective of the Department’s administration of exploration titles is to 
provide an environment which will encourage those with expertise in mineral search 
to establish and maintain an energetic exploration presence in this State. Against the 
trend towards increased regulation, the achievement of this objective is sought by 
maintaining as much flexibility as practicable, and by showing a readiness to discuss 
and reach amicable solutions to the various problems which arise.
J.H. Brooks
Geological Survey of Queensland
G.P.O. Box 194
Brisbane, Queensland, 4001
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THE PASSING OF THE BUCK — SOME ASPECTS OF THE 
ECONOMICS OF GOLD
by V. Forbes
ABSTRACT. This paper looks at the history of money, its relationship to gold and the 
origins of the dominant currency of the Twentieth Century — the American dollar. It also 
discusses the causes and results of the progressive devaluation of the US dollar and most other 
currencies over the last 50 years.
The major factors affecting the supply and demand for gold are also discussed. Supply is 
dominated by South African mine production, Russian sales, and movements in investments 
stocks. Industrial demand for gold depends on electronics and jewellery, but these are 
swamped by fluctuating demand for investment purposes. The economics of gold mining in 
Australia is discussed briefly and the importance of grade, tonnage and production costs is 
analysed. The methods used to forecast gold prices are discussed and their findings compared. 
Main monetary trends are analysed and conclusions drawn as to the likely outcome.
INTRODUCTION
“The Travels of Marco Polo’’ was written in about 1296. Its publication 
resulted in a great increase in trade between Europe and the Orient. It helped shape 
the world we live in today. One of the lesser known chapters in Marco Polo’s book is 
entitled, “How the Great Khan Causes the Bark of Trees, made into Something like 
Paper, to Pass for Money all over his Country.’’ This chapter is particularly relevant 
today because it describes clearly the operation of a fiat money system.
The Kublai Khan controlled all money in China. The emperor’s mint used the 
underbark of the mulberry tree to make a sort of paper which was then cut into 
different sized pieces. These pieces of bark were then dyed, signed and sealed by a 
number of important officials and “issued with as much solemnity as if they were of 
pure gold or silver’’ (Kennedy 1977). The Khan used these pieces of bark to make 
payments on his own behalf. No one dared to refuse them on pain of death. (This 
was also the penalty for anyone else caught converting mulberry bark into gold).
All foreign merchants who came to China with gold or gems to trade were 
forbidden to sell to anyone but the emperor. But they were happy to do this because 
the emperor’s agents paid a good price and promptly, in mulberry bark. The 
merchants then used the Khan’s money to buy whatever they liked in the Kingdom. 
The Khan also stood ready to buy gold and gems from his own citizens, paying good 
prices in bark, of which he had a cheap and inexhaustible supply. “In this way’’ said 
Marco Polo, “nearly all the valuables in the country came into the Khan’s 
possession”. However the people who were being robbed by this sleight of hand 
eventually woke up and rebelled. The Mongol Khans were driven from China and 
mulberry money disappeared from the face of the earth.
Pap. Dep. Geol. Univ. Qd., 12(1): 146-156, Feb., 1987.
147
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This century has been the century of the dollar, and future historians will also 
look back in wonder at its story. The origins of the dollar go back to 1518 
Bohemia where a large coin was struck from silver from the Joachimsthal Mine, 
became known as the “Joachimsthaler”, later shortened to “thaler” and then 
“taler”. It attained such widespread acceptance that similar coins were struck 
many parts of the world under various names including taler, dollar, peso, crown, 
ruble, scudo, ryal and piastre. The most famous was the Maria Theresa Taler, first 
struck in 1780, which has been produced unchanged in any way for 200 years.
With the union of Austria and Spain under the Hapsburgs, the Austrian silver 
thaler was introduced in the Spanish empire and was equal in weight to eight Spanish 
reals. This became the Spanish dollar, or piece of eight, which went with the Spanish 
to the Americas and became the dominant coin of the new world. Gold pieces of 
eight were first minted in 1732 in Mexico City, probably from Aztec gold, 
continued to appear without debasement for 100 years. It was widely used in 
American colonies and was legal tender in the United States until 1857.
The first coins produced in the American colonies after the War 
Independence were called cents and were valued at one hundredth of a Spanish 
dollar. They were first minted in 1787 and were the forerunners of all the cents, 
centavos and centimes of the world today. The Spanish dollar was also the standard 
for the US gold dollars which first appeared in 
dollars were common currency and some of the 
Bank of New South Wales in the early 1800’s 
“Spanish dollars”.
The value of the US dollar was set in 
$19.39 per troy oz). Currency reform acts in
dollar to 23.22 grains ($20.67 per oz gold). Apart from a bit of backsliding during 
wars and banking crises, this value was maintained for almost 100 years. Gold was 
money and the dollar was as good as gold. All other major currencies were gold 
backed, and exchange rates were fixed and easily determined with a set of scales and 
a little arithmetic.
Text-fig. 1 is a graph showing how the purchasing power of gold has fluctuated 
in the 19th and 20th centuries while text-fig. 2 is another graph showing the 
purchasing power of the US dollar over the same period.
The two graphs are virtually identical until the watershed year of 1933 when the 
US dollar was devalued to 13.71 grains of gold ($35 per oz). The gold standard 
ceased to operate in most of the world and the US dollar started the long decline 
which has reduced it to 12% of its 1933 purchasing power. At today’s gold price of 
US$378 per oz the US dollar is valued at 1.3 grains of gold compared to 24.75 grains 
in 1792. They say nothing can replace the US dollar — it almost has! Compare this 
to the stability of gold. In 1930, 20 oz of gold, or $413 US dollars, would buy a new 
motor car. Today, a new motor car can still be bought with 20 oz of gold but the 413 
dollars would just cover the purchase of a second hand motor bike.
These two graphs provide 60% of the data needed to understand the outlook 
for gold in the 1980’s. Gold will probably continue to buy more dollars but its real 
purchasing power will probably fluctuate within the historical band.
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Text-fig. 2: Purchasing power 
Source: Welker (1979), updated 
price inflator.
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What else is important in the market outlook for gold? There is only one law 
worth knowing in the commodity markets — the law of supply and demand.
SUPPLY OF GOLD
Gold stocks
It is estimated that cumulative world mine production of gold to date totals 
over 90 000 tonnes (Text-fig. 3). A large proportion of this is still held in vaults, 
safes, jewellery boxes and under mattresses. World demand for gold is currently 
about 1200 tonnes per year. Stocks thus represent the biggest single potential supply 
of gold. They could satisfy the world gold demand for well over 50 years. And a 
large part of “demand” goes back into “stocks” and thus rejoins potential supply.
These stocks are controlled by unpredictable human beings who do look at 
costs, figures and graphs, but who also have emotions, and read history, and feel the 
pulse of politics.
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Text-fig. 3: Cumulative world mine production of gold. Source: Aron (1983).
Supply of “new” gold
Production of gold today totals about 1200 tonnes per year. Of this total, South 
African mines produce about 54% and sales from the communist block represent 
another 18%. The South African mines are big, deep and labour intensive. The most 
significant economic statistic on South African gold is the trend in grade of ore 
milled. It has fallen from 12.6 g/t in 1970 to 6.7 g/t in 1982 (Text-fig. 4). Because of 
the falling grades, gold production over this period has fallen by 33% despite a 19% 
increase in tonnes of ore treated. In the short term there may be some increase in 
gold production from expansion of existing mines but gold reserves are also falling 
and South African gold production looks certain to fall in the 199O’s.
The Russians seem to sell gold whenever they have a shortfall in agricultural 
production, generally because of poor weather. They are currently suffering their 
23rd consecutive year of abnormal weather conditions so they are selling gold. The 
regular sales of Russian natural gas to Europe may relieve some pressure for gold 
sales but it can be assumed that perpetual bad weather will continue to haunt 
agricultural production in the comrade societies.
Gold production is also increasing in Canada, USA, Australia, Papua New 
Guinea, Africa and South America, but the likely increases in output are swamped by 
the other big swing factors in the gold market.
DEMAND FOR GOLD
The demand for gold could be divided into:
(a) industrial demand, which covers those uses which remove gold more or less 
permanently from the market; and
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Gold production in South Africa. Source: Chambers of MinesText-fig. 4:
Africa (1981); Aron (1983).
South
Text-fig. 5: Economic ranking grid for Australian gold prospects.
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(b) investment demand, which arises from the need for a store of value in 
inflationary or uncertain times.
The approximate composition of these two components of gold demand is shown in 
Table 1. This table shows that industrial demand (excluding jewellery) is only about 
200 tonnes per year. Probably the biggest factor likely to influence this demand is 
whether or not gold teeth are available on national health schemes. Even when 
religious, ceremonial and sentimental jewellery is added, industrial demand only 
consumes 500 tonnes of gold per year. Existing gold stocks could meet this supply for 
at least a century.
It is thus clear from history, and from a study of supply and demand, that gold 
is a monetary metal and its future is dependent on investor assessment of economic, 
political and monetary developments.
TABLE 1: WORLD DEMAND FOR GOLD
Tonnes/ Year
TOTAL DEMAND 1200 ± 200
Chief Sources: Aron (1983) and Du Boulay (1983).
Figures are rounded and for an “average” year.
THE ECONOMICS OF GOLD MINING
It is highly unlikely that anyone in the gold industry in Queensland can 
influence the gold price. It is also fairly doubtful if anyone anywhere can predict it 
with consistent accuracy. Ideally, therefore, the broad brush factors used to estimate 
the likely economics of any gold mine or prospect should not be dependent on 
anyone’s forecast of the gold price.
Three such factors which tower over all others in importance, are:
• Grade
• Tonnage
• Production cost per oz
Grade and tonnage
Grade and tonnage are always a trade-off. Text-fig. 5 is a generalised economic 
classification of gold mines and prospects in Australia on the basis on their 
tonnage-grade profile.
• Class A deposits are likely to be more profitable than 9O®7o of known gold deposits 
in Australia. They probably justify a cash purchase price and development should 
prove economic. Likely action — DEVELOP.
Industrial Demand
— Electronics 80 ± 20
— Dentistry 60 + 20
— Sentimental Value Jewellery 200 + 200
— Other 60 ± 20
TOTAL 500 ± 250
Investment Demand
— Bullion Jewellery 300 ± 200
— Coins, bars, medallions 500 + 300
— Official Stocks (100) 400
TOTAL 700 + 150
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Class B deposits are likely to be more profitable than 50% of gold deposits in 
Australia. It would be preferable not to pay a purchase premium for such a 
prospect but development is probably economic. Likely action — STUDY.
Class C — these are likely to be less profitable than 50% of known gold deposits 
in Australia. No purchase price is justified and development is probably 
uneconomic except under very favourable conditions. Likely action — SIT or 
SELL.
Class D — WORTHLESS.
Naturally the above broad assessments assume that all other conditions are 
average”, that is, there are no unusual benefits or penalties in mining costs,
metallurgical recovery, by-products or taxes. If this assumption is not correct, 
adjustments need to be made. However, grade and tonnage are by far the most 
important factors in the economics of gold mining and this approach provides a 
useful first screening. (Naturally any serious ranking of this type must include all 
gold mines and prospects, not just those in Australia. The principle, of course, is the 
same).
Cost of Production
Any mine or prospect which can survive the periodic low prices which occur in 
all metal markets is likely to have a higher value and/or a lower risk than its 
competitors. This generally means it must have a low production cost. “Low cost” 
like “highly efficient” is a relative term — there is no absolute measure. “Low cost” 
can only be ascertained by comparison with the competition. Despite what the price 
controllers seem to think, there is no single cost of production. There is always a 
range of costs which could be described generally as:
(a) low cost producers — those with an ace in the hole, either high grade such as 
West Driefontein (14 g/t) or valuable by-products or co-products such as 
Bougainville with copper or Rosario with silver;
(b) medium cost producers — generally the big base load producers of the industry, 
with average grades, large production and good technology; and
(c) high cost producers — the marginal and intermittent producers — gougers, 
prospectors and low grade mines which were prematurely developed.
Text-fig. 6 shows a typical production cost schedule for gold. It ranks the South 
African producers on the basis of their reported operating costs in 1982. This graph 
shows that the average cost of production of South African gold is about A$200 
(1984) per oz and 90% of South African gold can probably be produced for less than 
A$300 (1984) per oz.
Knowledge of production costs is valuable but it is not a sure guide to future 
prices. Price is set by supply and demand. Mine supply at any given price is largely 
determined by the cost of production, but other sellers of gold and gold consumers 
are not constrained in any way by gold mining costs.
PRICE FORECASTING
There is a whole industry heavily armed with computers, statistics and experts 
engaged full time in the business of predicting the price of gold. Hence, it may be 
useful to cover briefly some of the main tools used by forecasters.
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Text-fig. 6: South African gold mine production costs. Source: Aron (1983), inflated 
to 1984 and converted to A$ using A$1 = 1.16 Rand.
Charts and cycles
Perhaps the most famous gold chartists today are the Aden Sisters whose 
predictions to date have been very successful (Aden & Aden 1982). In early 1983 they 
predicted that gold would peak at US$4000 per oz around 1986 (with inflation at 
25%).
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Econometrics
A good example is Dr Horace Brock who was commissioned by Anglo 
American in 1981 to forecast the gold price in 1987. He studied about 50 price 
influences, assessed probabilities and relationships and predicted 
50% chance that gold would sell at between $1024 and $1124 in 
chance against a gold price of under $872 in 1987 (lEU 1983).
Currency debasement
A number of gold studies are based on the assumption that there are linkages 
between the quantity of money, the inflation rate, interest rates and gold prices. One 
problem with this method is the definition of, and measurement of, the quantity of 
money. However, Cowan (1982) calculated that a gold price of $466 (1982 US$) 
would be needed to back the world supply of paper money with gold.
The gold: commodity ratio
A number of people draw conclusions from ratios of the gold price to the price 
of oil, silver, platinum and so forth (See Text-fig. 7). Economic logic and empirical 
evidence suggests that there is no “right” value for any such ratio. However, a 
knowledge of the history of such ratios may indicate which of the commodities in 
question is likely to be over priced or under priced in terms of the other.
154
Text-fig. 7; Gold/silver price ratio 1900-1984. Source: Silver price — ‘Metal Statistics’ 
Metallgesellschaft (Annual); Gold price — London Bullion Market.
The supply — demand balance
Supply and demand are the fundamentals which drive prices in every market. 
For many commodities the calculation of the production schedule and the demand 
forecast is the most useful tool available for estimating equilibrium price levels 
around which future prices are likely to fluctuate. However, for gold, mine supply 
and industrial demand are so swamped by the potential movement of investment 
stocks that this approach is of limited usefulness.
These then are the chief methods used to analyse the gold market. All have 
some value. None will give an infallible answer.
MODERN MONETARY TRENDS
Three thousand years of economic history tell us that gold is a monetary metal 
and it is in this direction we must look for clues to its future. The most significant 
monetary development of the last 50 years is the widespread reappearance of the 
discredited principle of mulberry money. It is amusing to read how the Kublai Khan 
used counterfeit money to extract the real wealth out of the beaten Chinese. 
However, future generations will also look back in wonder at how both democratic 
and dictatorial governments were allowed to use fiat paper money to secretly transfer 
wealth from producers to consumers, from lenders to borrowers and from individuals 
to government authorities.
The symptom of this monetary mismanagement is persistent inflation of prices, 
that is, internal and external devaluation and debasement of the currency (Text-fig. 
8). All countries have been riding this inflationary wave to a greater or lesser extent. 
Each surge goes higher, with greater levels of debt and each retreat is associated with 
more unemployment. Nowhere is there any evidence of sufficient political courage to 
attack the cause of the problem which is, in a nutshell, government overspending. In 
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Text-fig. 8: Purchasing power of the Australian dollar (Index = 100 in 1970). Source: 
Australian Bureau of Statistics.
the absence of monetary standards, such deficits invariably lead to excessive growth 
and dilution of the currency. As Rees-Mogg (1974) said “The reigning error of the 
twentieth century is ... the rejection of external discipline”.
Gold has always acted as the brakes for the monetary locomotive. Some people 
associate brakes with restraint and suffering. It is now becoming clear that the lack 
of brakes may cause disaster and despair. For the whole of recorded history, gold has 
been acceptable everywhere as a store of value and a medium of exchange. This is its 
attraction to investors. On the other hand, monetary history records no example 
where unbacked mulberry money or paper money achieved widespread acceptance 
without the threat of force or the use of fraud by the issuing authority (generally 
both). In all cases, holders of such fiat money eventually suffered substantial loss, 
often complete destruction of their savings.
The monetary problem of today is that we are creating financial assets faster 
than we are creating real assets.
Sometime, probably in this decade, the inflationary wave of the twentieth 
century will hit the beach. Our generation is destined to see the passing of the paper 
buck and we will return again to the sound money of the ages. Remonetisation of 
gold, by the people, in spite of the authorities, will be the driving force behind gold 
in the next decade. This transition will be preceded by great instability and 
speculation and accompanied by losses, dislocation and heavy-handed but counter 
productive official intervention.
In such volatile times, no investment is safe, but it can reasonably be predicted 
that: an investment in gold may not lead to great riches, but it may prevent poverty. 
As to the short term outlook for the gold price, be reminded of the economist who, 
when asked whether the price of gold would rise or fall, responded. “Yes, but not 
yet.”
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NOTES
1. “Real Money” is money which has value in itself — it can be gold, silver, cattle, 
axeheads, wheat, cigarettes, silk stockings or a piece of paper which guarantees to 
deliver real value on 
medium of exchange 
fraud.
2. “Fiat” means “let it
promise any. It is accepted because it is declared 
forced by law to accept it, often at controlled prices. Its value depends only on 
the reputation, policing and taxing powers of the issuing authority.
demand. Real money is anything which is accepted as a 
or a store of value without
be so”. “Fiat Money” has
the threat of force or use of
no value in itself nor does it 
“legal tender” and sellers are
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GOLD FUTURES AND FORWARD PRICING
by J. Hooton
ABSTRACT. This paper discusses:-
(1)
(2)
(3)
(4)
(5)
Function of Futures Market
(1) Risk
(2) Reward
(3) Price Insurance
(4) Commodity Stability
Operation of Futures Market
(1) Mechanics of the Market
(2) Futures as traded on Sydney Futures Exchange
(3) Futures as traded on Overseas Exchanges
(4) Link between Sydney Futures Exchange Gold Market and New York Comex Market 
Affect of Currency Fluctuations
(1) Current Volatility
(2) Unstable Interest rates
(3) Uncertainty of direction of interest rates within Australia and Overseas 
Projection of Gold Prices for 84-86 using Gold Futures Market as a barometer. 
Conclusions of Future Price movements of Gold using current information plus use of 
fundamental and technical analysis.
FUNCTION OF FUTURES MARKETS
The initial reason for the establishment of futures markets was as a price 
the producers and processors of commodities which 
created marketing and budgeting problems for both 
protection mechanism for both 
had an inherent volatility and 
sides of the market.
Futures markets are not a creation of the 20th Century — far from it. 
Historically, futures markets were foreshadowed by the types of agreements made in 
medieval fairs in Flanders and the Champagne District during the 12th Century. 
These agreements called “letters de faire” were made on the basis of samples from 
which merchants sold their wares ahead of the arrival by ship. The price of the goods 
was settled at the time the agreement was struck, so the seller was protected against 
any price fall between the time of the sale and time of delivery. Later, in the 16th 
Century in Japan, the Shoguns evolved a system of issuing tickets representing their 
entitlements to rice crops growing in the fields. These tickets were bought by 
merchants in anticipation of their future rice needs and were, in fact, futures 
contracts which could be bought and sold. Rules were made specifying the time of 
delivery, establishing standard grades and quantities for each contract, and 
stipulating that traders must have credit with a clearing house, through which all 
tickets were traded.
When trading in grains and cotton between the United States and Europe began 
in the 19th Century, similar systems were introduced due to the lengthy delays caused 
by shipping goods from one side of the Atlantic to the other. Goods were bought and
Pap. Dep. Geol. Univ. Qd., 12(1): 157-163, Feb., 1987. 
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sold at agreed prices while they were still afloat, on the understanding delivery would 
occur upon the arrival of the ships. By the 185O’s, a more sophisticated market had 
been established, similar to the Japanese rice ticket system, in which standardised 
amounts and grades for each commodity formed the basis of a futures contract. With 
all other details spelled out by the contract, the only factor left unspecified was the 
price of the goods which was set by open auction system. Brokers, acting on behalf 
of buyers and sellers, gathered in one place, and prices were determined by auction 
on the factor of supply and demand.
Futures markets have not changed greatly since the first large Exchanges were 
established in Chicago, London, and some other European countries.
The Exchanges neither buy nor sell but, provide facilities for others to do so. 
There is no need for the physical commodity to be present at the market place, as it 
is accurately described within the specifications of the contract.
Because it is contracts to deliver or take delivery which are being traded, it is 
possible to buy and sell on the Exchange without seeing or handling the commodity 
involved. Most contracts are not settled by delivery but by taking an opposite 
position in the market to the one originally held. Futures contracts to buy are 
cancelled by new contracts to sell, while sell contracts are cancelled by new contracts 
to buy.
The Primary Purpose of futures trading is not to buy or sell commodities, but 
to manage risks. In the futures markets these risks are accepted by people who are 
prepared to take them, generally speculators. The role of the speculator or investor is 
risk taker for the opportunity of making large profits if their judgement is correct.
From what has been said so far, it can be seen there are two main participants 
in the futures markets, hedgers (both the buyers and sellers of a commodity) who 
wish to remove price risk and speculators who are risk takers with the reward, if 
correct, of large profits.
Futures markets are attractive to speculators by the principle of leverage, which 
allows for the outlay of small amounts of funds (deposits) to take advantage of large 
amounts of a commodity. Currently the deposit on a gold contract in Sydney is 
$500.00, and the size of the contract is 50 fine troy ounces. Therefore, the 
speculators needs only a $10.00 move in the gold price to obtain a 100*70 return on 
funds outlayed. That is gross; brokerage and commissions account for around $1.00 
per ounce for each contract.
The fact that the traders, both speculators and hedgers are trading in a 
commodity which has a degree of price movement, and risks are being shifted by the 
holders of the goods, does, in fact, effect some form of price protection and stability 
to the price of the goods.
OPERATION OF THE FUTURES MARKETS
In its simplist and most theoretical form the operation of a hedger in the 
market can be explained by this example. The specifications of the Gold Contract 
are:
Unit of contract
Standard delivery
Fifty (50) fine troy ounces of gold
The equivalent of fifty (50) troy ounces [5*^0 more or 
less] assaying not less than 995.0 parts per 1,000 fine
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Quotations
Deposits
Commission
Delivery months
gold cast in bars by an approved refiner
In multiples of ten cents per troy ounce (equal to $5 
per contract)
As determined by the Clearing House from time to 
time (currently $500.00)
As determined by the Exchange (currently $55.00 
including ICCH charges) 
March, June, September and December up to 
months ahead
Termination of trading— The twenty-second day of delivery month or
business day prior. Trading ceases at 12 noon.
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the
theExample. A gold producing company in Northern Queensland is concerned that 
price of gold may fall significantly. After carefully analysing the situation, 
production projections, costs and financial commitments, etc., a decision is taken to 
hedge 50% of the output for the final quarter of the year. With a forecast 
production of 2,000 ounces at a refined cost of $330.00 per ounce, the hedging 
position would be locking in a price for 1,000 ounces at the December 1984 price of 
$A460.00.
The company would need to sell 20, 50 ounce contracts to cover its position and 
the exercise would appear;
HEDGE POSITION
CASH FUTURES
June No action
Cash Deposit Requirement
$10,000.00
June Sell 20 Dec. Contracts
$460.00 per oz.
If gold prices fall to 
$420.00 the prcducer would
Dec Sell gold at Market
1,000 ozs @ $420.00/oz
Buy 20 Dec. Contracts 
$420.00 per oz.
X PROFIT ON FUTURES TRANSACTION 
$40 per oz.
Dec
Futures profit added to Cash 40.00
Market Transaction $460.00 per ounce
In actual fact, in this particular example, because the gold futures market is a 
delivery market, the. futures market prices closed out the "spot month, at the same 
level as the cash market.
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To complete the example and using the same hedging figures, only in this 
exercise the price of gold rose, then the result would:
HEDGE POSITION
CASH FUTURES
June No action
Cash Deposit20 x 500 Sell 20 Dec contracts
$10,000.00 $460.00/oz.
If gold price rises to 
$475 the producer would
Dec Sell gold at Market
1,000 ozs @ $475.00/oz
Dec Buy 20 Dec. Contracts 
$475.00 per oz.
LOSS ON FUTURES TRANSACTION
$15.00
Futures loss deducted from Cash $15.00/oz
Market Transaction $460.00 per ounce
It can be seen from these examples that, as a rule of thumb, the price hedged at 
is the ultimate price recovered for the commodity.
The Gold Futures Market in Australia is currently very lightly traded, due 
mainly to the financial deregulation of December 1983 and the growth of spot 
deferred markets which are a compromise between the physical markets and the 
established futures markets.
The spot deferred market is operated in Australia by a small number of 
Merchant Banks or bullion dealers and uses the concept of a small deposit being 
outlayed by the hedger or investor and the price at which gold is bought or sold is 
the current spot price in US dollars. As the physical price of gold moves continually, 
the spot deferred markets have the benefit of trading 24 hours per day in one 
currency at prices which bear a direct relationship to the world price at any particular 
time of the day. These markets tend to attract the speculative interest, and short term 
hedge side of the market, rather than long-term investors. The mechanics of the 
market are such that the buyers of gold, in the spot deferred market, while only 
laying down a minimum deposit (approx. $2,000.00) to control 100 ounces of gold, 
must pay interest on the balance of the value of the gold e.g. 100 ounces @ 380.00 
= $38,000.00; the interest rate is generally at, or around, commercial rates with the 
sellers in this market being paid interest at a rate similar to, although generally lower 
than, the rate charged to buyers. This market has a number of attractions as a hedge 
market and is now traded extensively.
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The largest Gold Futures Market in the world is the Comex market which has a 
contract size of 100 ounces and regularly trades in excess of 30,000 contracts per day 
and maintains an open position exceeding 100,000 contracts.
Currently there are tentative plans to link the Sydney gold futures market with 
Comex. This would certainly make a vast difference to the Sydney market. Such a 
move would add depth plus the involvement of US investors and this would make 
producer hedging much more viable, due to the increased liquidity.
The problems of clearing the linked markets are now being resolved and once 
this occurs, Australia should be a major bullion centre in the Pacific Basin or the 
third world line zone.
AFFECT OF CURRENCY FLUCTUATIONS
When President Reagan was elected to office in 1980 he made a vow, which if 
we had taken seriously enough, would have enhanced our financial position greatly. 
He declared he would bring inflation down to below 5% and make the US dollar 
mighty again. That surely was our greatest warning, as it meant the price of gold 
must fall. At the time of his speech gold was trading around $US600.00 per ounce. 
By June of 1982 it was below $300.00 per ounce. He had achieved what he set out to 
do and the majority of us were unable to take advantage of his projection. And, of 
course, the futures market would have been an ideal medium on which to hedge.
One point which has worked in our favour within Australia has been the 
declining value of our dollar against the US dollar and obviously Australian 
producers have been able to remain competitive due to the $A relationship to other 
currencies.
Interest rates certainly seem to be a key factor in the price of gold; how, why 
and when gold moves must be tied to rates, and the current uncertainty surrounding 
rates both overseas and here, has done little to cause the price of gold to move. We 
will certainly need to see some positive action with rates if they are to play the role 
expected of them. Over a period of time under different economic conditions, both 
rising and declining interest rates have been held responsible for the rise in the price 
of gold; currently, it is the thought of increased interest rates which is being held 
responsible for the reluctance of traders to buy gold. In fact, the factors mitigating 
against a rise in gold are held to be political, stability in the United States, and a 
strong dollar.
Also the strong US dollar is responsible for restricting freer international trade 
and, as an example, the recent upmoves in the interest rates in the United States have 
increased Latin Americas International dept by $2 billion.
Another school of thought suggests that while inflation in the United States 
stays under 6%, gold is unlikely to rally even if the dollar does weaken.
If the Gold Futures Markets are to be used as a barometer then the projections 
from these markets would lead us to expect at best a $20 improvement by years end 
and around $80 improvement by the end of 1985. If the figures are analysed more 
closely the expectations are;
June — Dec. 1984 increase in value $22.00 
Dec. — June 1985 increase in value $26.00 
June — Dec. 1985 increase in value $19.00
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On face value this would indicate that long term expectations (18 months), on 
bullish sentiment, declines from June, next year.
However, these figures alone express the view of the Comex market and should 
be considered in that context. The other figures available from Comex indicate that 
all is not doom, with a very positive sign of a sharp drop in Comex warehouse stocks 
which must mean expectations of better prices.
Looking now at the prospects for gold for 1984-86. Fundamental analysis 
would project the following scenario.
Consider the inability of the market to produce a sustained rally given that 
current global financial/political turmoil suggests the metal is not yet ready to 
increase markedly in value.
Gold has been moving in a band $365 to $450 since the beginning of March 
1983. Since the end of September 1983, gold has moved in a narrow band of $410 to 
$365.00. The very narrow trading range has reduced the speculative interest to a large 
degree and traditional traders in gold have placed their investment dollars in other 
markets. Gold competes with equities, T-bonds, real estate etc. and if the return 
from gold is not competitive then, a Catch 22 situation develops with traders not 
investing because the market is not volatile enough and the market losing its volatility 
due to lack of speculative interest. Until gold regains its traditional sensitivity to 
political and economic upheavals, then it is difficult to see these being the catalyst for 
a major move in the metal.
Other fundamental factors, such as industrial demand, are probably negative 
factors and it is unlikely that the decline in demand from similar areas is likely to 
improve.
Jewellery sales seem to be the most favourable sector for improvement in sales 
and although there was a decline in use of around 15% in 1983, the improvement in 
most O.E.C.D. economies could boost demand to well in excess of 1981 levels.
From these three sources of demand it seems investment, the great unknown, 
holds the key to any major move and, as yet, it is difficult to see which factor will 
emerge as the one to activate the investing public.
Supply of gold is in a medium term uptrend, reacting to the stimulus of the 
relatively high gold price since 1979. With South Africa’s share of world production 
falling, although its output is rising slightly, new mines, particularly in the US and 
Canada, are increasing supply and some figures show estimates of increases of up to 
50%. Of course, new mines in Australia, Papua New Guinea and Brazil, while 
increasing world production, should not produce sufficient quantities to have any 
significant affect on world prices.
Soviet sales and production are difficult to place precise figures on. However, it 
would be reasonable to assume that the falling oil export revenue will offset the 
effect of a good grain harvest and only higher gold prices could induce a sell off of 
gold from this quarter.
Dishoarding, and official sales of the metal, really do not have a long term 
effect on the market; they are disruptive in the short to medium term. However when 
it is considered that world gold stocks are around 80,000 tonnes, the distortions 
caused by nothing more than a change of ownership is not really a price affecting 
factor.
The scenario just outlined is certainly not a bullish one. However, it does create 
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a feeling of stability and that, if producers can control costs, profitability should be 
maintained, even if gold continues to trade in the February 1983 - present day band.
Technical Analysis and Cycle analysis can both claim a certain degree of 
infallability over the years and, if viewed logically, can provide a much more bullish 
outlook for the next few years. This is so, if the belief that gold is the ultimate store 
of value can be supported, and that since 1982 the average increase in gold values has 
been 34% a year (note average). This increase has been a catching up process geared 
to the advances in oil prices, commodity prices in general, and bouts of dollar 
weakness. The question now is whether these factors, and particularly inflation, are 
likely to reduce in significance in the foreseeable future.
Evaluating the market mechanically, and cyclically, an answer may be possible. 
Since 1973, there have been five distinct buy cycle recommendations.
One ounce of gold purchased in January 1973, at the then price of $66, and 
sold when the sell signals were given would be worth $1,260 today. The last buy 
signal for gold was last month, with a nine month cycle confirmation in July. As the 
overhead resistance on charts is strong, there is a strong suggestion that some bullish 
fundamentals for gold must soon re-emerge. These could be lower US interest rates, 
weaker dollar, or more turmoil in the Middle East. Technically, the market is looking 
for a rally, forgetting for whatever fundamental reasons are up.
The average rally on each buy signal since 1973 has been 101%, and if the buy 
signal last month is correct, then, technically, the market cycle analysis suggests a 
move to $750.00 by the spring of 1986.
The conclusion to this paper would be to endeavour to satisfy fundamentalists 
and technicians of market analysis. Both forms have been discussed with technical 
analysis appearing to be the more bullish of the two. It would be presumptive to 
suggest that either view is correct; both may be correct or a combination of both. 
However, it is to be hoped that the futures market in gold, becomes a hedge market 
for gold producers and processors and that futures become as significant a part of 
money management in this commodity as they have in the arena of Financial 
instruments.
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